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SUMMARY
A r e v i e w  o f  t he  d e e p e r  g e o l o g y  o f  t h e  M i d l a n d  
V a l l e y  o f  S c o t l a n d  and r e s u l t s  f r o m p r e v i o u s  g e o p h y s i c a l  
s t u d i e s  a r e  d i s c u s s e d  and p r e s e n t e d .
The p r i n c i p a l  new g r a v i t y  c o v e r a g e  was i n  t he  
a r ea  o f  t h e  Lesmahaaow I n l i e r .  A r e g i o n a l  Bougue r  anomal y  
map o f  t h e  w e s t e r n  M i d l a n d  v a l l e y  and i t s  e n v i r o n s  was 
c o m p i l e d ,  u s i n g  e x i s t i n g  d a t a  and c a r r y i n g  ou t  s u r v e y s  
l o c a l l y  t o  f i l l  g a p s .  The h e t e r o g e n o u s  e x i s t i n g  da t a  was 
r e d u c e d  t o  g i v e  u n i f o r m  r e f e r e n c e  t o  NGRN 73 and t he  IGF 
67 f o  rmu I a .
The comb i ned  r e s u l t s  were a n a l y s e d  by p r o g r e s s i v e  
s t r i p p i n g  o f  t h e  g r a v i t y  c o mpon e n t s  r e l a t e d  t o  p a r t i c u l a r  
f o r m a t i o n s .  F i r s t l y  t h i c k n e s s  map o f  t h e  s u p r a - H u r l e t  
s e d i m e n t s  was p r e p a r e d  and i t s  g r a v i t y  e f f e c t  c a l c u l a t e d .  
N e x t ,  t h e  t h i c k n e s s e s  o f  t h e  C l y a e  P l a t e a u  Lavas was 
c a l c u l a t e d  f r om t h e  m a g n e t i c  anoma l y  map o f  G r e a t  B r i t a i n  
( Sh e e t  11)  w i t h  due a l l o w a n c e  f o r  t h e  e f f e c t s  o f  
i n t r u s i o n s ,  ( p a r t i c u  I a r I y d t 3 a t h g a t e ) . The p s e u d o - g r a v i t y  
e f f e c t  o f  t h i s  Lava model  was t h e n  c a l c u l a t e d .
Reduced Bougue r  anoma l y  maps a r e  o b t a i n e d  by 
s u b t r a c t i n g  t h e  Bougue r  anoma l y  componen t s  a r i s i n g  f r om
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t he  s u p r a - H u r l e t  s e d i m e n t s  and t h e  Lavas  ( p l u s  a s s o c i a t e d
i n t r u s i o n s )  f r om t h e  t o t a l  g r a v i t y  f i e l d  v a l u e s .
R e s i d u a l s  were t h e n  a n a l y s e d  on t h e  a s s u m o t i o n  
t h a t  t h e i r  m a j o r  s o u r c e s  were most  p r o b a b l y  ( i )  t he  
s t r u c t u r e  o f  t h e  ma j o r  c r u s t a l  l a y e r i n g  and ( i i )  t h e  
v a r i a t i o n  o f  ( r e s i d u a l )  t h i c k n e s s  o f  t h e  Lower  Ol d  Red
S a n d s t o n e .  A r a n ge  o f  i n t e r p r e t a t i o n s ,  as w e l t  as a ' mos t  
p r o b a b l e '  m o d e l ,  was o b t a i n e d .  E s t i m a t e s  o f  t h e  ' c r u g t a l  
g r a v i t y  c o mp o n e n t '  were made ( 1 )  by f i t t i n g  a b e s t  s u r f a c e  
t o  t he  r e d uc e d  g r a v i t y  v a l u e s  and ( 2 )  by c o m b i n i n g  t he
Upper  c r u s t a l  g r a v i t y  component  as c a l c u l a t e d  f o r  LISPB 
m o d e l ,  w i t h  McLean and Q u r e s h i ' s  e s t i m a t e  o f  t h e  r e g i o n a l  
c o m p o n e n t .
The g r a v i t y  a noma l y  r e s i d u a l s  a t t r i b u t a b l e  t o  t he  
Lower  Ol d  Red Sa n d s t o n e  component  a r e  d i s c u s s e d  and 
g e o l o g i c a l  i n t e r p r e t a t i o n s  made.
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CHAPTER 1
1  INTRODUCTION
 ^ * 1  The r e g i o n a l  g e o l o g y  ( F i g . 1^ )
1 . 1 . 1  The M i d l a n d  V a l l e y  o f  S c o t l a n d !  I n  t h e  M i d l a n d  
V a l l e y  o f  S c o t l a n d  t h e  p r i n c i p a l  s t r u c t u r e  i s  t h e  M i d l a n d  
V a l l e y  g r a b e n .  I t  i s  a b o u t  80 km w i d e ,  and s t r e t c h e s  f o r  
more t h a n  200 km a c r o s s  S c o t l a n d ,  and p r o b a b l y  f o r  t he  
same d i s t a n c e  i n t o  I r e l a n d .  t h e  n o r t h - e a s t e r l y  e x t e n s i o n  
o f  t h e  g r a b e n  i s  u n c e r t a i n  b e c a u s e  i t  i s  o b s c u r e d  by 
T e r t i a r y  o v e r s t e p  i n  t h e  N o r t h  Sea .  The g e n e r a l  
s u c c e s s i o n  w i t h i n  t h e  g r a b e n  has been e s t i m a t e d  as no t  
l e s s  t h a n  3 . 6  km o f  Upper  P a l a e o z o i c  r o c k s  (Ol d  Red 
S a n d s t o n e ,  C a r b o n i f e r o u s  and P e r m i a n )  ( G e o r g e ,  1965)  
r e s t i n g  on n o t  l e s s  t h a n  2 . 6  km o f  Lower  P a l a e o z o i c  
( O r d o v i c i a n  and S i l u r i a n )  r o c k s  ( Dewey ,  1 9 7 1 ,  F i g . 3 ) .
The t r e n d  o f  t h e  b o u n d i n g  f a u l t s  a p p e a r s  t o  be 
c o n t r o l e d  by t he  a n i s o t r o p y  o f  t h e  basement  wh i ch  was 
d e f o r me d  d u r i n g  C a l e d o n i a n  o r o g e n i c  movements  ( Dewey ,
1971 ,  2 2 1 ) .  The g r a be n  b l o c k  may a l r e a d y  have been a
s t r u c t u r a l  u n i t  by p r e - L o w e r  Ol d Red S a n d s t o n e  t i m e s  ( c f . 
G e o r g e ,  1 9 60 ,  48;  McLean and Q u r e s h i ,  1 9 6 6 ,  2 6 7 ) .
The ma j o r  s u b s i d e n c e  o f  t h e  g r a b e n  b l o c k  t o o k
p l a c e  d u r i n g  Lower  and Upper  S i l u r i a n  ( D o w n t o n i a n )  t i m e .  
T h i c k  d e p o s i t s  o f  Lower  Ol d  Red S a n d s t o n e  f a c i e s  a r e
p r e s e n t  w i t h i n  t h e  M i d l a n d  V a l l e y ,  and c o n t r o l  on
c o n t e mp o r a n e o u s  d e p o s i t s  by t h e  H i g h l a n d  Bou nd a r y  F a u l t  
and S o u t h e r n  Up l a n d s  F a u l t  has been d e m o n s t r a t e d  by B l u c k  
( 1 9 7 8 ,  F i g .  2 0 ) .  I n  h i s  s y n t h e s i s  o f  t h i s  g e o l o g y  ( 1 9 7 8 .  
270 -  276)  he c o n s i d e r s  t h a t  marked s u b s i d e n c e  i s  a
c h a r a c t e r i s t i c  o f  t h e  f a u l t  z o n e s ,  r a t h e r  t h a n  o f  t h e  
e n t i r e  b l o c k  ( p .  272)  b u t  l a c k s  d e f i n i t e  p r o o f  o f  t h e
e x i s t e n c e  o f  h i s  mo d e l .  The o b s e r v e d  t h r o w s  a l o n g  b o t h  
b o u n d i n g  f a u l t s  a r e  c o n s i s t e n t l y  down t o w a r d s  t h e  M i d l a n d  
V a l l e y  s i d e ,  and t h i s  phase o f  movement  was c o mp l e t e  
b e f o r e  t h e  d e p o s i t i o n  o f  Upper  Ol d  Red S a n d s t o n e  s t a r t e d .  
A n d e r s o n ,  i n  an e a r l i e r  i n t e r p r e t a t i o n  ( 1 9 5 1 ,  1 0 7 ) ,
c o n s i d e r e d  t h e  f a u l t  movement  t o  be p o s t - L o w e r  Ol d Red 
S a n d s t o n e ,  p e r s i s t e n c e  o v e r  a much l o n g e r  p e r i o d  i s
w e l l  s u p p o r t e d  by e v i d e n c e .  They a ppe a r  t o  have a 
s i g n i f i c a n t  d i p - s l i p  c o mp o n e n t ,  as shown by s u b s i d e n c e ,  
bu t  B l u c k  ( 1 9 7 8 ,  274)  b e l i e v e s  t h e  e n t i r e  zo n e ,  as
d i s t i n c t  f r o m i n d i v i d u a l  f r a c t u r e  w i t h i n  t h e  zone may be a 
m a j o r  t r a n s c u r r e n t  f a u l t .
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L a t e r  p o s t - U p p e r  Ol d  Red S a n d s t o n e  movement  ( w i t h  
movements w h i c h  a r e  a t  l e a s t  i n  p a r t  p o s t - W e s t p h a  I i a n )
a l o n g  t h e  H i g h l a n d  Bo und a r y  F a u l t  and t h e  S o u t h e r n  Up l an ds  
F a u l t  i s  r e l a t i v e l y  m i n o r ,  l o c a l ,  and r e v e r s e d  i n  t h r o w
w i t h  r e s p e c t  t o  t h e  mai n phase o f  movement .  A s i m i l a r  
r e v e r s a l  i s  seen on t h e  S t r a i t o n  F a u l t .  E l s e wh e r e  w i t h i n  
t h e  g r a b e n ,  t h e  m a j o r  NE /  SW t r e n d i n g  f e a t u r e s ,  Ker se
Loch F a u l t ,  L i t t l e m i l l  F a u l t ,  Dusk Wa t e r  F a u l t ,  p r e s e n t  i n
t he  w e s t e r n  r e g i o n  o f  t h e  g r a b e n  c l e a r l y  a f f e c t  t he  
d e v e l o p m e n t  o f  t h e  S c o t t i s h  C a r b o n i f e r o u s  Lower  L i me s t o n e  
and Passage Beds ( ' S c o t t i s h  M i l s t o n e  G r i t 1) and t h e y  must  
have been p e r s i s t e n t l y  a c t i v e  d u r i n g  Lower  C a r b o n i f e r o u s  
t i m e  ( A n d e r s o n ,  I n  R i c h e y  et^ a_^. ,  1 9 30 ;  G o o d l e t ,  1 9 5 7 ) .
The f i n a l ,  l a r g e - s c a l e  movement s  were c o mp l e t e d  
at  t h e  end o f  W e s t p h a l i a n  t i m e .  An u n f a u l t e d  " Per mi an ' *  
( S t e p h a n i a n  ?)  v e n t  i n  t h e  Ke r se  Loch F a u l t  i n d i c a t e s  t h a t  
movements  had ceased ( a t  l e a s t  a t  t h a t  l o c a l i t y )  by t h e  
end o f  t h e  C a r b o n i f e r o u s  p e r i o d .
"The d e v e l o p m e n t  o f  t h e  M i d l a n d  V a l l e y  has been 
d i s c u s s e d  by Kennedy ( 1 9 5 8 )  and by George ( 1 9 6 0 ) .  I t s  
r o l e  as a g r a b e n ,  r e c e i v i n g  d e t r i t u s  f r o m t h e  h i g h - r a n k  
m e t a m o r p h i c  H i g h l a n d s  and t h e  l o w - r a n k  me t a mo r p h i c  
S o u t h e r n  U p l a n d s  d u r i n g  D e v o n i a n  t i m e s ,  i s  c l e a r  ( Dewey ,  
19 71 ,  221 ;  B l u c k ,  19 7 8 ,  2 5 6 ) .
Kennedy ( 1 9 5 8 )  a r g u e d  t h a t  i t s  O r d o v i c i a n  /
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S i l u r i a n  h i s t o r y  was t h a t  o f  a t r a n s i t i o n a l  zone be t ween  
d e f o r m a t i o n  i n  t h e  H i g h l a n d s  and s e d i m e n t a t i o n  i n  t h e  
S o u t h e r n  U p l a n d s .  T h i s  v i e w  p r e - d a t e d  p l a t e  t e c t o n i c  
mode I s .
A r e c o n s t r u c t i o n  o f  m a j o r  c r u s t a l  d e v e l o p me n t  i n  
s o u t h e r n  S c o t l a n d  d u r i n g  Lower  P a l a e o z o i c  t i m e s ,  w i t h i n  a 
f r a me w o r k  o f  p l a t e  t e c t o n i c  t h e o r y ,  l e d  most  a u t h o r s  
( Dewey ,  19 71 ;  P o w e l l ,  19 7 1 ;  Gunn,  1973 ;  P h i l i p s  e^ t a I . 
, 1 9 7 6 ;  McKer r ow ejt 197]  ; Longman e_t , 1 9 7 9 ;
L a g i o s  and H i p k i n ,  1979)  t o  c o n c l u d e  t h a t  t h e  r e g i o n ,  o r  
t h e  So l way  F i r t h  i m m e d i a t e l y  t o  t h e  s o u t h  o f  i t ,  was t h e  
s i t e  o f  a c r u s t a l  s u t u r e ,  and o f  t h e  f i n a l  r emna n t s  o f  t h e  
I a p e t u s  ( p r o t o - A t l a n t i c )  Ocean w h i c h  s e p a r a t e d  e a r l i e r  
N o r t h  A me r i c a n  and Eu r opean  p l a t e s .  t h e  i m p o r t a n t  
e v i d e n c e  had a l r e a d y  been e x a m i n e d ,  l o n g  b e f o r e  t he  
T h e o r y  o f  P l a t e  T e c t o n i c s  was f o r m u l a t e d  -  t h e
o p h i o l i t e s ,  and t h e  f a u n a l  a s s e mb l a g e s  o f  G i r v a n ,  ( w h i c h  
a r e  l i k e  t h o s e  o f  N o r t h  A m e r i c a ,  b u t  d i f f e r e n t  f r om t h o s e  
o f  t h e  Lake D i s t r i c t ) ,  and W i l l i a m s  ( 1 9 6 2 )  had f e l t  a need 
t o  i n v o k e  a mechani sm o f  c o n t i n e n t a l  d r i f t  t o  e x p l a i n  h i s  
f i n d i n g s .  L a t e r  work  c o n f i r m e d  and s t r e n g t h e n e d  t h i s  
b a s i c  c o n c l u s i o n  abou t  a p i a t e  s u t u r e ,  and a l s o  o f f e r e d  
a nswer s  t o  o t h e r  m a j o r  p r o b l e m s ,  f o r  exampl e  t o  “ why 
a n d e s i t i c  v o l c a n i c i t y  p e r s i s t s  i n  t h e  Lower  Ol d Red 
S a n d s t o n e ,  a t  a t i m e  when s u b d u c t i o n  m i g h t  be e x p e c t e d  t o
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have c e a s e d ,  w i t h  a l o c k i n g  o f  p l a t e s  ? " .  P h i l i p s  e_t a I . 
( 1976 )  p r o v i d e  a s o l u t i o n  by d e x t r a l l y  s h i f t i n g  S c o t l a n d  
f r om t h e  s o u t h w e s t  w h e r e ,  i n  t h e  t e r m s  o f  t h e i r  o b l i q u e  
s u b d u c t i o n  m o d e l ,  s u b d u c t i o n  d u r i n g  Ol d  Red Sands t one  
t i m e s  had t a k e n  p l a c e .
O t h e r  a p p r e n t  d i s c r e p a n c i e s  be t we e n  s i m p l e  p l a t e  
t e c t o n i c  mode l s  and t h e  known g e o l o g y  were no t  e a s i l y  
r e s o l v e d ,  and l ed  t o  d i f f e r e n c e s  o f  i n t e r p r e t a t i o n .  Among 
t he  s i g n i f i c a n t  d i f f e r e n c e s  a r e  t h e  p r e c i s e  s i t e  o f  t h e  
s u t u r e ,  and t h e  supposed  r o l e  o f  t h e  o p h i o l i t e s  (?)  a l o n g  
t h e  H i g h l a n d  Bou nd a r y  F a u l t .  Gunn ( 1 9 7 3 )  p r o p o s e d  (on 
i n s u b s t a n t i a l  g r o u n d s )  t h a t  t h e  M i d l a n d  V a l l e y  was t h e  s i t e  
o f  t h e  s u t u r e ;  and a more e l a b o r a t e  and b e t t e r  a r gued  
model  o f  Longman e_t_ £l_. ( 1 9 7 9 )  has t h e  same b a s i c
f e a t u r e .  The b a l a n c e  o f  e v i d e n c e  ( p a r t i c u l a r l y  t h e  c r u s t a l  
s t r u c t u r e  d e f i n e d  by LISPB s e i s m i c - r e f r a c t i o n  e x p e r i m e n t ) ,  
and t h e  b a l a n c e  o f  o p i n i o n ,  f a v o u r  a s u t u r e  t o  t he  s o u t h  
o f  t h e  S o u t h e r n  U p l a n ds  F a u l t  ( see  f o r  e x a m p l e ,  McKer row 
et_ a_U 1 977)  .
At  t h i s  s t a g e  o f  i n v e s t i g a t i o n  more e v i d e n c e  i s  
needed b e f o r e  an a p p r o p r i a t e  p l a t e  t e c t o n i c  model  can be 
s e l e c t e d  wi h  r e a s o n a b l e  c e r t a i n t y ,  and be f i t t e d  w i t h  any 
p r e c i s i o n  t o  t he  M i d l a n d  V a l l e y .  A p p l i c a t i o n  o f  t h e  
t h e o r y  i s  n o t  y e t  a t  a s t a g e  where a l l  o b s e r v e d  f e a t u r e s
can be e x p l a i n e d , nor can hidden features be p r e d i c t e d .
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The Ol d Red Sa n ds t o ne  s e d i m e n t a r y  b a s i n s  have a 
s e d i m e n t a r y  s t r i k e  and e l o n g a t i o n  p a r a l l e l  t o  t he  
s t r u c t u r a l  g r a i n  o f  t he  a d j a c e n t  r o c k s  ( B l u c k ,  1 9 7 8 ) .  I n  
t h e  S t r a t h m o r e  b a s i n  t h e r e  was a t i m e  gap be t ween  t he  
o r o g e n y  i n  t h e  a d j a c e n t  s o u r c e  r o c k s  and t h e  i n c e p t i o n  o f  
t h e  b a s i n ,  so a s i m i l a r i t y  i n  t h e  o r i e n t a t i o n  o f  t h e  
g r o w i n g  b a s i n  and t h e  s t r u c t u r a l  o r i e n t a t i o n  o f  t h e  s o u r c e  
g i v e s  a s p u r i o u s  i m p r e s s i o n  o f  u n i t y  i n  t h e  d e v e l o p me n t  o f  
b o t h .  T h i s  s i m i l a r i t y  i n  o r i e n t a t i o n  i s  b r o u g h t  abou t  by 
t h e  r e a c t i v a t i o n  o f  an o l d e r  f r a c t u r e ,  t h e  H i g h l a n d  
Bo u n d a r y  F a u l t  ( B l u c k ,  1 9 7 8 ,  2 7 4 ) .  I n  c o n t r a s t ,  a l t h o u g h  
f a u l t i n g  had a d o mi n a n t  i n f l u e n c e  on s e d i m e n t a t i o n  i n  b o t h  
Lower  and Upper  Ol d Red S a n d s t o n e ,  t h e  t y p e  and d e g r e e  o f  
f a u l t  c o n t r o l  was d i f f e r e n t  i n  each case.  The n a t u r e  o f  
t h e  f a u l t  c o n t r o l  i s  no t  w e l l  known f o r  t h e  Lower  Ol d Red 
S a n d s t o n e  o f  t h e  so c a l l e d  s o u t h e r n  ( L a n a r k )  b a s i n  ( B l u c k ,  
1 9 7 8 ,  2 7 4 ) .
1 . 1 . 2  The m a r g i n a l  f a u l t s
The Sou t  h e r n  U p l a n d s  F a u l t
To t h e  s o u t h - w e s t  o f  New Cumnock,  t h e  S o u t h e r n  
U p l a n d s  F a u l t  has a g e n e r a l  t r e n d  o f  N. 55 and s e p a r a t e s  
Lower  Ol d  Red S a n d s t o n e  s t r a t a  f r o m t h e  a r e y wa c k e s  o f  t h e
S o u t h e r n  U p l a n d s .  The r a p i d  a t t e n u a t i o n  o f  t h e  Lower  Ol d 
Red Sa n d s t o n e  c o n g l o m e r a t e s  n o r t h - w e s t w a r d s  f r om t h e
f a u l t ,  i n d i c a t e s  t h a t  t h e  S o u t h e r n  U p l a n d s  a l r e a d y  e x i s t e d  
at  t h e  t i m e  o f  t h e i r  f o r m a t i o n ,  and was p r o b a b l y  bounded 
by a f a u l t  s c a r p .  An e a r l i e r ,  S i l u r i a n  h i s t o r y  o f
movement  o f  t h e  f a u l t  i s  s u g g e s t e d  by t h e  c o n t r a s t i n g
d e v e l o p m e n t s ,  and d e g r e e s  o f  d e f o r m a t i o n ,  o f  Lower
P a l a e o z o i c  r o c k s  on o p p o s i t e  s i d e s  o f  t h e  f a u l t ,  bu t  t he  
changes  c a n n o t  be S*proc.\$e.A V V v j  r e l a t e d  t o  t he  f a u l t -
z o n e .
F u r t h e r  t o  t h e  s o u t h w e s t ,  t h e  S o u t h e r n  Up l a n ds  
F .au lt  has Upper  Ol d Red S a n d s t o n e  on i t s  n o r t h - w e s t e r n  
d o wn t h r o wn  s i d e ,  b e f o r e  e n d i n g  a g a i n s t  an a p p a r e n t l y  m i n o r  
f a u l t  t r e n d i n g  N. 40.  T h i s  f a u l t  i s  p a r t  o f  a NW /  SE
zone wh i c h  a f f e c t s  t h e  s o u t h  A y r s h i r e  C o a l f i e l d .  The 
S o u t h e r n  U p l a n d s  F a u l t  a p p e a r s  t o  t r a i l  i n t o  i t ,  as t h o u g h
t he  zone were an a n c i e n t  f l a w .  To t h e  s o u t h - w e s t  o f  t h i s
N. 40 f a u l t ,  t h e  S o u t h e r n  U p l a n d s  F a u l t  i s  o v e r s t e p p e d  by 
Lower  C a r b o n i f e r o u s  s t r a t a ,  w h i c h  t h i c k e n  r a p i d l y  t o  t he  
n o r t h - w e s t .
A s e c t i o n  ( McLean ,  1 9 6 6 ,  F i g .  9)  i n t e r p r e t i n g  a 
d e t a i l e d  g r a v i t y  s u r v e y  i n  t e r m s  o f  known g e o l o g y ,  and
assumi ng  a l i m i t e d  c o n t i n u i t y  o f  s t r a t i g r a p h i c  p a t t e r n  
a l o n g  t h e  f a u l t  zone at  New Cumnock,  shows a p r e - U p p e r  Ol d 
Red Sa n d s t o n e  Southern U p l a n d s  F a u l t  w i t h  a p p r o x i m a t e l y  0 . 6
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km o f  Lower  Ol d Red Sa n d s t o ne  s t r a t a  on t h e  d o w n t h r o w n ,  
M i d l a n d  V a l l e y  s i d e ,  and a m a j o r  f a u l t  s c a r p  r e l a t e d  t o  i t  
w i t h  Upper  Ol d  Red S a n d s t o n e  and Lower  C a r b o n i f e r o u s  
s t r a t a  banked a g a i n s t  i t .  The C a r b o n i f e r o u s  s t r a t a  a p pea r  
t o  s u f f e r  no m a j o r  f a u l t i n g ,  and movement  a l o n g  t he  f a u l t  
zone i s  l i m i t e d  t o  a g e n t l e  m o n o c l i n e ,  f o r  ab ou t  1 t o  2 km 
a l o n g  t h i s  p a r t  o f  t h e  f a u l t  z o n e .
On t h e  s o u t h - w e s t e r n  s i d e  o f  t h e  N. 40 zo n e ,  t h e  
S o u t h e r n  U p l a n d s  F a u l t  zone a p p e a r s  t o  p e r s i s t  as t h e  Gl en 
App F a u l t .  At  i t s  e x t r e me  n o r t h - e a s t e r n  e n d ,  t h i s  f r a c t u r e  
i s  o f f s e t  l o c a l l y  by 2 km f r o m t h e  p r o j e c t i o n  o f  t h e  
S o u t h e r n  Up l a n d s  F a u l t ,  b u t  s w i n g s  i n  t r e n d  t o  t he  
s o u t h w e s t  ( f r o m  N. 40)  t o  r o u g h l y  a l i n e  w i t h  t h e  S o u t h e r n  
U p l a n d s  F a u l t .  I t s  throw i n c r e a s e s  m a r k e d l y  a c r o s s  a NW / 
SE f a u l t ,  b o u n d i n g  t he  NW /  SE zone a l r e a d y  m e n t i o n e d ,  t o  
b r i n g  Upper  C a r b o n i f e r o u s  s t r a t a  a g a i n s t  Lower  P a l a e o z o i c  
g r e y w a c k e s .
The H i g h l a n d  B o u n d a r y  F a u l t
The H i g h l a n d  B o u n d a r y  F a u l t  i s  a w i de  zone o f  
d i s p l a c e m e n t  wh i c h  i n c l u d e s  two o r  more ma j o r  f a u l t s  and 
m o n o c l i n a l  f l e x u r i n g .  A l o n g  most  o f  i t s  l e n g t h ,  D a l r a d i a n  
( Lower  P a l a e o z o i c )  r o c k s  a r e  p r e s e n t  on i t s  n o r t h w e s t e r n
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s i d e ,  and Lower  Ol d Red Sa n d s t o n e  on i t s  s o u t h e r n  s i d e .  
Near  Loch Lomond, h o w e v e r .  Upper  Ol d  Red Sa n d s t o n e  i s  seen 
t o  o v e r s t e p  t h e  s o u t h e r n  f a u l t ,  and t o  be t h r o w n  t o  t he  
n o r t h w e s t ,  i n  a p a r t i a l  r e v e r s a l  o f  t h e  ' p r e - U p p e r  o l d  Red 
s a n d s t o n e '  d i s p l a c e m e n t .  To t h e  s o u t h w e s t ,  i n  t h e  I n v e r k i p  
Gap n e a r  Gr eenock  ( Q u r e s h i ,  1 9 7 0 ,  4 9 0 ) ,  t h i s  same s o u t h e r n  
b r a n c h  o f  t h e  H i g h l a n d  Bo u n d a r y  F a u l t  i s  c o v e r e d  by Lower  
C a r b o n i f e r o u s  r o c k s .  These C l y d e  P l a t e a u  Lavas  h a v e ,  
h o w e v e r ,  s u f f e r e d  o n l y  m i n o r ,  d i s c o n t i n u o u s  f a u l t i n g .  
F u r t h e r  s o u t h w e s t  i n  A r r a n ,  Upper  Ol d  Red Sa n ds t o ne  and 
C a r b o n i f e r o u s  s t r a t a  o v e r s t e p  t h e  e n t i r e  f a u l t  z o n e ,  and 
a r e  ( as  n e a r  Loch Lomond) d o wn t h r o w n  t o  t h e  n o r t h w e s t .
The F a u l t  c a n n o t  be t r a c e d  a c r o s s  t h e  i s l a n d
( m a i n l y  b ecause  o f  t h e  s t r u c t u r a l  e f f e c t s  o f  t h e  N o r t h e r n  
g r a n i t e )  b u t  a f r a c t u r e  a t  D o u g r i e  on t h e  wes t  c o a s t *  i s  
c o n s i d e r e d  by most  a u t h o r s  t o  be i t s  p r o l o n g a t i o n .  I t s
c o u r s e  a c r o s s  K i l b r a n n a n  Sound i s  more c o n t r o v e r s i a l ,  w i t h  
t h e  p r i n c i p a l  a l t e r n a t i v e  e x p l a n a t i o n s  b e i n g  ( 1 )  a
s o u t h e r l y  s w i n g  o f  c o u r s e  t o  pass  t h r o u g h  t h e  c h a nn e l
be t ween  Sanda I s l a n d  and t h e  M u l l  o f  G a l l o w a y  ( and so s t a y  
c o n c e a l e d  by w a t e r ) ,  b e f o r e  r e t u r n i n g  t o  i t s  f o r m e r  t r e n d  
and l i n k i n g  t o  a supposed  c o n t i n u a t i o n  i n  I r e l a n d  ( see f o r  
e x a m p l e ,  G e o r g e ,  19 6 0 ,  55 ;  F i g .  7 ) ,  and ( 2 )  a p e r s i s t e n t  
t r e n d  a c r o s s  t o  K i n t y r e  where i t  c r o s s e s  an a r ea  o f  
p o o r l y - e x p o s e d  D a l r a d i a n  r o c k s ,  and i n f e r e n t i a  11 y has o n l y
a s m a l l  t h r o w  (McLean and Deegan,  1 9 7 8 ,  1 0 6 ) .
An i m p o r t a n t  f e a t u r e  o f  t h e  f a u l t  zone i s  t h e  
p r e s e n c e  o f  s e r p e n t  i n i t e s  p l u s  s p i l i t e s  and c h e r t s  o f  
Lower  O r d o v i c i a n  age .  A supposed  M a n t l e  o r i g i n  f o r  t h e  
s e r p e n t i n i t e  l ed  some o l d e r  a u t h o r s  ( see  f o r  e x a mp l e ,  
Hess ,  1955)  t o  i n f e r  t h a t  t h e  H i g h l a n d  B o u n d a r y  F a u l t  i s  a 
m a j o r  r e v e r s e  f a u l t  a s s o c i a t e d  w i t h  an e a r l y  O r d o v i c i a n  
o r o g e n  b e l t  ( ' t e c t o n o g e n e ' ) ,  and some modern a u t h o r s  ( see  
f o r  e x a m p l e ,  B l u c k  ,  1978 a) t o  see i t  as t h e  p l a t e
t e c t o n i c  e q u i v a l e n t ,  t h a t  i s  t h e  s i t e  o f  o b d u c t i o n ,  and 
p o s s i b l y  o f  a p l a t e  s u t u r e .
1 . 1 . 3  The NE /  SW f a u l t s
These f a u l t s  a r e  d e v e l o p e d  b e t we e n  A r d r o s s a n  and 
t he  S o u t h e r n  U p l a n d s .  The l a r g e s t  a r e  t h e  I n c h g o t r i c k  
F a u l t ,  t h e  Dusk Wat er  F a u l t ,  and t h e  Ke r s e  Loch F a u l t .
The I n c h g o t  r i c k  F a u l t
The c e n t r a l  zone o f  t h e  g r a b e n  i n  t h e  w e s t e r n  
M i d l a n d  V a l l e y  i s  bounded by t h e  Dusk Wat er  F a u l t  t o  t h e  
NW and t he  I n c h g o t r i c k  F a u l t  t o  t h e  SE.  Bo t h  d i s p l a y  a 
s i m i l a r  s w i n g  o f  t r e n d ,  i n  t h e  case o f  t h e  I n c h g o t r i c k
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F a u l t  f r om N 52 n e a r  t h e  c o a s t  i n  c e n t r a l  A y r s h i r e ,  t o  N 
65 n e a r  Lesmahagow.  At  t h i s  e a s t e r n  end t h e r e  i s  a 
f u r t h e r ,  more r a p i d ,  change o f  t r e n d  t o  N 40 b e f o r e  i t  
d i e s  o u t ,  n e a r  S t r a t h a v e n ,  a g a i n s t  a m i n o r  ENE /  WSW 
f a u l t .  I t s  c o n t i n u a t i o n  i n t o  t h e  F i r t h  o f  C l yde  i s
d i f f i c u l t  t o  f o l l o w ,  and i s  p r o b l e m a t i c  (McLean and
Deegan,  1 9 7 8 ,  1 0 7 ) .
A l o n g  much o f  i t s  l e n g t h  i n  c e n t r a l  A y r s h i r e ,  
Upper  C a r b o n i f e r o u s  r o c k s  on t h e  n o r t h e r n  s i d e  a r e  t h r o w n  
down a g a i n s t  Lower  Ol d Red S a n d s t o n e ,  mak i ng  t he
I n c h g o t r i c k  F a u l t  t h e  most  o b v i o u s ,  and a p p a r e n t l y
i m p o r t a n t ,  f a u l t  w i t h i n  t h e  w e s t e r n  g r a b e n .  A s i z e a b l e  
p a r t  o f  t h i s  d i s p l a c e m e n t  i s  p o s t - W e s t p h a  I i a n ,  bu t  t h e r e  
i s  e v i d e n c e  f r o m changes  o f  t h i c k n e s s  o f  u n i t s  i n  t h e  
S c o t t i s h  C a r b o n i f e r o u s  L i m e s t o n e  S e r i e s  t h a t  movement  was 
t a k i n g  p l a c e  t h e n .  Near  S y m i n g t o n  t h e  a p p a r e n t  t h r o w  o f  
L i m e s t o n e  Coal  Group a c r o s s  t h e  f a u l t  as shown i n  t he
g e n e r a l i s e d  s e c t i o n ,  i s  a b o u t  0 . 1 5  km,  and t h e  t h r o w
p r o b a b l y  i n c r e a s e s  e a s t w a r d s  t o  a maximum o f  0 . 2 5  km.
The Lower  L i m e s t o n e  Group has a t h i c k n e s s  o f  
0 . 0 1 2  km as r e c o r d e d  n e a r  Eas t  Doura Farm (6 km 
Lesm'^WcegaW ) • T h i c k n e s s e s  o f  t h e  L i m e s t o n e  Coal
ab ou t  0 . 0 6  km,  w h i l e  t h e  Upper  L i m e s t o n e  Group i s  0 . 0 8
km as r e c o r d e d  f r o m C a p r i n g t o n  Bor e  on t h e  n o r t h  s i d e  o f  
t h e  f a u l t .  On t h e  s o u t h e r n  s i d e  o f  t h e  f a u l t  ( 1 . 5  km s o u t h
near
r oup are
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o f  C a p r i n g t o n  B o r e ) ,  t h e  p r o b a b l e  j o i n t  t h i c k n e s s  o f  t h e  
L i m e s t o n e  Coal  Group and t h e  Upper  L i m e s t o n e  Group i s  c .  
0 . 0 5  km. F u r t h e r  s o u t h  a t  Eas t  Ooura Bore a j o i n t
t h i c k n e s s  o f  t h e  L i m e s t o n e  Coal  Group and t he  Upper
L i m e s t o n e  Group i s  ^  0 . 1 3 5  km as r e c o r d e d  on a s i x  i n c h  
g e o l o g i c a l  map,  23 SW. Compared w i t h  a j o i n t  t h i c k n e s s  o f  
t h e  L i m e s t o n e  Coal  Group and t h e  Upper  L i m e s t o n e  Group o f  
c . 0 . 1 2  km on t h e  n o r t h e r n  s i d e  o f  t h e  f a u l t  as r e c o r d e d
at  G a u c h a l l a n d  P i t  Bore ( 1 . 6  km s o u t h - w e s t  o f  G a l s t o n  
( R i c h e y  e t  a I . ,  F i g s .  22 and 2 4 ,  1 8 9 ) .
The most  d r a m a t i c  s t r a t i g r a p h i c  change i s  t h e  
n e a r - a b s e n c e  o f  C l y d e  P l a t e a u  Lavas  on t h e  s o u t h e r n  s i d e  
o f  t h e  f a u l t ,  compared w i t h  t h e i r  a p p a r e n t l y  g r e a t  
t h i c k n e s s  on t he  n o r t h e r n  s i d e .  The p r e c i s e  d e c r e a s e
c a n n o t  be a s s e s s e d  f r om t h e  known g e o l o g y  as t h e  base o f  
t h e  Lavas  i s  n o t  exposed  and t h e  t h i c k n e s s  on t h e  n o r t h e r n  
s i d e  may be a n y t h i n g  i n  t h e  r ange  o f  ^  1 km t o  a few t e n s  
o f  m e t r e s .  A c o u p l e  o f  f l o w s  o c c u r  l o c a l l y  on t h e  s o u t h e r n  
s i d e .
The g r a v i t y  a n o m a l i e s  a c r o s s  t h e  I n c h g o t r i c k  
F a u l t  b e a r  no s i m p l e  r e l a t i o n s h i p  t o  t h e  known g e o l o g y  
( McLean ,  1966)  and t h e  changes  o f  g r a v i t y  a r e  much l e s s  
t h a n  m i g h t  be a n t i c i p a t e d .  An e x p l a n a t i o n  can be f ound  i n  
t e r ms  o f  s e l e c t i n g  a s u i t a b l e  t h i c k n e s s  o f  dense C l yde  
P l a t e a u  Lavas  on t h e  d o w n t h r o w n ,  n o r t h e r n  s i d e  -  but  t h i s
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i s  o n l y  one o f  two g e o l o g i c a l l y  p r o b a b l e  e x p l a n a t i o n s .
(. P- Zfe) -1b3) •
The Dusk Wat e r  F a u l t
The p a r t i c u l a r  f r a c t u r e  o f  t h i s  name i s  p r e s e n t  
i n  n o r t h  A y r s h i r e ,  where i t  t r e n d s  N. 40 .  The maximum 
t h r o w  be t ween  A r d r o s s a n  and Auchenmade o f  t h e  t o p  o f  t h e  
C l y d e  P l a t e a u  Lavas ( m a i n l y  f r o m m a g n e t i c  e v i d e n c e )  was 
e s t i m a t e d  by Par k  ( 1 9 61 )  t o  be 0 . 3  km and t h i s  was 
s u p p o r t e d  by l a t e r  s e i s m i c - r e f l e c t i o n  wor k  ( H a l l ,  1 9 7 4 ) .
The t h r o w  v a r i e s ,  h o w e v e r ,  w i t h  each h o r i z o n ,  as 
t h e  s u c c e s s i o n s  on b o t h  s i d e s  o f  i t  d i f f e r .  On t he  n o r t h  
s i d e ,  t h e  j o i n t  t h i c k n e s s  o f  t h e  L i m e s t o n e  Coal  and Upper  
L i m e s t o n e  Groups v a r y  f r o m  0 . 1 6  km n e a r  A r d r o s s a n  t o  a 
maximum o f  0 . 5 5  km near  P o I l o c k s h a w s . On t h e  s o u t h  s i d e ,  
t h e  j o i n t  t h i c k n e s s  i s  0 . 1 6  km ( R i c h e y  e t  a I . ,  1930 ,  F i g s .  
16 and 2 4 ) .
The Dusk Wat er  F a u l t ,  l i k e  t h e  o t h e r  ma j o r  NE /  
SW f a u l t s  w i t h i n  t h e  w e s t e r n  M i d l a n d  V a l l e y ,  was c l e a r l y  
a c t i v e  i n  Lower  C a r b o n i f e r o u s  t i m e ,  as w e l l  as h a v i n g  
s i g n i f i c a n t  ( f i n a l  ?) movement  i n  a p o s t - W e s t p h a l i a n  
p h as e .
A l t h o u g h  a f a u l t  o f  s i m i l a r  t r e n d  (N 40)  p e r s i s t s  
n o r t h - e a s t w a r d s  a l m o s t  as f a r  as P a i s l e y ,  and p r o b a b l y  -
as t h e  P a i s l e y  Ruck -  as f a r  as w e s t e r n  G l a s g o w ,  t h e  ma j o r  
d i s p l a c e m e n t  c o n t i n u o u s  w i t h  t h a t  o f  t h e  Dusk Wat er  F a u l t  
i s  a l o n g  an ENE /  WSW (N 60)  f a u l t  ( t h e  Auchenmade F a u l t )
wh i c h  b r a n c h e s  f r om i t  ( P a r k ,  1 9 6 1 ) .  The change o f
t h i c k n e s s e s  f o l l o w s  t h e  same c u r v i n g  l i n e  ( R i c h e y  e t  a I . , 
1 9 3 0 ) .  T h i s  a p p a r e n t  s w i ng  i n  t r e n d  o f  t h e  main f a u l t  
p a r a l l e l s  a c o mp a r a b l e  sw i ng  o f  t h e  I n c h g o t r i c k  F a u l t .
The Dusk Wat er  F a u l t  d i e s  away as a f r a c t u r e  
b e f o r e  r e a c h i n g  t h e  c o a s t  a t  A r d r o s s a n  ( IGS Shee t  22)  bu t  
t h e  zone o f  f r a c t u r i n g  i s  p r o b a b l y  c o n t i n u e d  by a n o t h e r  
f a u l t  r u n n i n g  p a r a l l e l  t o  i t  and ab o u t  1 km t o  t h e  NW. A 
l a r g e  f a u l t  o f  s i m i l a r  t r e n d  l i e s  s o u t h - w e s t w a r d s  i n  t h e  
e a s t e r n  F i r t h  o f  C l y d e  and f o r ms  a b o u n d a r y  o f  t h e  E a s t e r n  
A r r a n  T r o u g h ,  b e f o r e  a p p a r e n t l y  f a d i n g  away n e a r  A r r a n .  En 
e c h e l o n  w i t h  i t ,  i s  t h e  m a j o r  f r a c t u r e  d e t e c t e d
g e o p h y s i c a l l y  i n  t h e  F i r t h ,  t h e  P l a t e a u  F a u l t ,  wh i c h  can
be t r a c e d  as f a r  as t h e  N o r t h  C h a n n e l .  Where l a s t  seen i t  
i s  a l i g n e d  w i t h  t h e  supposed  " H i g h l a n d  B o u n d a r y  F a u l t "  i n  
I r e l a n d ,  and has a s i m i l a r  t h r o w  t o  t h e  NW.
A p u z z l i n g  f e a t u r e  o f  t h e  Dusk Wat e r  F a u l t  ( i n  
t h e  s t r i c t  s e n s e )  i s  t h e  r e l a t i o n s h i p  b e t wee n  t h e  o b s e r v e d  
g r a v i t y  a n o m a l i e s  and t h e  known g e o l o g y  and d e n s i t i e s .  
They c a n n o t  be r e c o n c i l e d  s a t i s f a c t o r i l y  by i n v o k i n g  a 
s i m p l e  s t e p - f a u l t  model  and c o n c e n t r a t i n g  a l l  changes  o f  
s u c c e s s i o n  a c r o s s  t h e  f a u l t  a t  t h e  s t e p .  Ther e  i s  a
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s i m p l e ,  b u t  s m a l l ,  d r o p  o f  anoma l y  v a l u e  p r o d u c e d  by t he  
C a r b o n i f e r o u s  s t r a t a  above t h e  L a v a s ,  b u t  t h e  g r a d i e n t s  
p r o d u c e d  by de e p e r  i n t e r f a c e s  seem t o  be s p r e a d  o v e r  a 
r e l a t i v e l y  w i de  z o n e ,  and t h e i r  r e l a t i o n  t o  t h e  s u r f a c e  
f a u l t  i s  n o t  s i m p l e  ( Mc Lea n ,  1 9 6 6 ,  2 5 1 ) .  T h e i r
i n t e r p r e t a t i o n  i s  c o m p l i c a t e d  by t h e  d i f f i c u l t y  o f  
d i s t i n g u i s h i n g  be t ween  t h i n n i n g  o f  Ol d Red Sands t one  and 
t h i c k e n i n g  o f  C l yde  P l a t e a u  L a v a s .
Ke r s e  Loch F a u l t  zone
The p r i n c i p a l  e l e m e n t s  o f  t h i s  zone are
( a)  t h e  Ke r se  Loch F a u l t ,  w h i c h  r u n s  s o u t h - w e s t w a r d  f r om 
c e n t r a l  A y r s h i r e  t o  t h e  n o r t h  o f  t h e  D a i l l y  s y n c l i n e  and 
beyond t h a t  t o  t he  c o a s t  n o r t h  o f  G i r v a n ,
( b )  t h e  L i t t l e m i l l  F a u l t ,  w h i c h  r u n s  s u b - p a r a l l e l  t o  t h i s  
mai n f a u l t  and ends a g a i n s t  i t  n e a r  Ke r s e  L o c h ,
( c )  an a c u t e  s y n c l i n e  f o r med  i n  t h e  down t h r o w n  b l o c k  
b e t ween  t h e s e  two f a u l t s  ( t h e  Ke r s e  Loch s y n c l i n e ) ,
( d )  a " b e l t  o f  s t e e p  m e t a l s "  ( i . e .  a m o n o c l i n e  w i t h  many 
m i n o r  f a u l t s ) ,  i n  wh i ch  t h e  d i s t u r b e d  s t r a t a  a r e  d i p p i n g  
at  60 o r  more and p r o b a b l y  a c c o mp a n i e d  by a t  l e a s t  one 
f a u l t  w i t h  a s o u t h - e a s t e r l y  d o wn t h r o w  ( S i mpson  IN Ey l e s  e,t 
a I . ,  1 9 4 9 ) ,  w h i c h  o c c u r s  on t h e  n o r t h - e a s t w a r d s  
p r o l o n g a t i o n  o f  t h e  Ker se  Loch F a u l t  and L i t t l e m i l l  F a u l t ,
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as t h e  zone c r o s s e s  t he  a x i s  o f  t h e  M a u c h l i n e  B a s i n ,
( e )  a NE /  SW f a u l t  e x t e n d i n g  f r o m t h e  " B e l t  o f  t h e  S t eep
M e t a l s "  t o w a r d s  M u i r k i r k .  The o v e r a l l  d i s p l a c e m e n t
idowys
a c r o s s  t h e  e n t i r e  zone i s  t o  t h e  s o u t h - e a s t  a l o n g  i t s
f u l l  l e n g t h
The D a i l l y  s y n c l i n e  b e a r s  a s i m i l a r  s p a t i a l  
r e l a t i o n s h i p  t o  t h e  Ker se  Loch F a u l t  as t h e  Ke r se  Loch 
F a u l t  s y n c l i n e ,  and t h e y  a l s o  may be s t r u c t u r a l  e l e m e n t s  
b e l o n g i n g  t o  t h e  f a u l t - z o n e .  A p o s s i b l e  g e n e t i c  
r e l a t i o n s h i p  be t ween  f a u l t s  and s y n c l i n e s  has been a r gued  
by McLean ( 1 9 6 6 ,  2 5 0 ) .  I f  v a l i d ,  t h e  f a u l t - z o n e  has
behaved  e s s e n t i a l l y  as a m a j o r  f a u l t  d u r i n g  C a r b o n i f e r o u s
t i m e .
F a u l t  movements c o n t r o l l i n g  c o n t e mp o r a n e o u s
s e d i m e n t a t i o n ,  c h a r a c t e r i s t i c  o f  t h e  m a j o r  NE /  SW o f  t he  
w e s t e r n  M i d l a n d  V a l l e y  were f i r s t  r e c o g n i s e d  a l o n g  t he
Ke r s e  Loch F a u l t  zo n e .  On t h e  n o r t h  s i d e  o f  t h e  F a u l t ,  
t h e  comb i ned  t h i c k n e s s e s  o f  t h e  C a r b o n i f e r o u s  L i m e s t o n e  
S e r i e s  i s  o f  t h e  o r d e r  o f  0 . 0 0 7  km a t  Sou t h  C r a i g  B o r e .  
And l e s s  t h a n  0 . 0 0 6  km o f  M i l l s t o n e  G r i t  on t h e  s o u t h  s i d e  
o f  t h e  F a u l t ,  a t  H o u l d s w o r t h  C o l l i e r y  t h e  t h i c k n e s s  o f  t h e  
C a r b o n i f e r o u s  L i m e s t o n e  S e r i e s  i s  o n l y  0 . 0 5 5  km and t h a t
o f  t h e  M i l l s t o n e  G r i t  i s  0 . 0 2  km.
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The S t  r a i  t  on F a u l t  and The Headma r k  F a u l t
The Headmark F a u l t  i s  c o n s i d e r e d  t o  be a p a r t  o f  
t h e  s m a l l e r  NE /  SW t r e n d i n g  f a u l t s  p r e s e n t  i n  c e n t r a l  
A y r s h i r e ,  and i s  p r o b a b l y  t h e  n o r t h  e a s t w a r d  c o n t i n u a t i o n  
o f  S t r a i t o n  F a u l t  ( MacGr egor  I n  E y l e s  e t  a I . ,  1949 ,  1 7 ) ,  
t h e  Dr umgr ange  F a u l t  and a number  o f  s u b p a r a l l e l  f a u l t s  
w i t h  r e l a t i v e l y  s m a l l  d o wn t h r o w on t h e  s o u t h  w e s t e r n  
m a r g i n s  o f  M a u c h l i n e  b a s i n .  I t  i s  t r e n d i n g  at  N 50 E /  S 
40 W, and changes  i t s  d i r e c t i o n  g e n t l y  t o  N 60 E /  S 30 W 
t o w a r d s  i t s  e a s t e r n  m a r g i n s .  I t  has 0 . 2 8  km t h r o w  at  
B r a n i c h a n  ( E y l e s  e t  a I . ,  1 9 4 9 ) .
The f a u l t  a t  D a I m e 1 1 i n g t o n  b r i n g s  Coal  Measur es  
a g a i n s t  t h e  Lower  Ol d  Red Sa n d s t o n e  ?md causes  a 
d i s p l a c e m e n t  o f  t h e  Lower  C a r b o n i f e r o u s  s t r a t a  o f  unknown 
t h i c k n e s s ,  a l l  t h e  Upper  Ol d Red s a n d s t o n e  s t r a t a  and p a r t  
o f  t h e  Lower  Ol d  r ed  Sa n d s t o n e  ( S i mpson  e t  a I . ,  1 9 32 ,
1 2 7 ) .
U 2  H i s t o r y  o f  r e s a e r c h
Res e a r c h  on t h e  d e e p e r  g e o l o g y  o f  t h e  M i d l a n d  
V a l l e y ,  w h i c h  i s  o f  r e l e v a n c e  t o  t h e  p r e s e n t  s t u d y ,  
c o n s i s t s  f i r s t l y  o f  a number  o f  g e o p h y s i c a l  s u r v e y s  
( p a r t i c u l a r l y  g r a v i t y  s u r v e y s ) ,  s e c o n d l y  o f  s y n t h e s e s  o f
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t h e  r e g i o n a l  d i s t r i b u t i o n  and d e v e l o p m e n t  o f  t h e  de e p e r  
r o c k  f o r m a t i o n s  ( su ch  as t h e  Lower  Ol d Red S a n d s t o n e ) ,  and 
t h i r d l y  o f  t h e  d e v e l o p m e n t  o f  r i f t s  ( p a r t i c u l a r l y  w i t h i n  
t h e  t h e o r e t i c a l  f r a me wo r k  o f  p l a t e  t e c t o n i c s ) .
1 . 2 . 1  P r e v i o u s  g e o p h y s i c a l  s t u d i e s
(j3) G r a v i t y  s u r v e y s
( 1 )  McLean (1 961 a.,^1 966)  made a s e m i - d e t a i l e d  
s u r v e y  o f  A y r s h i r e  and i t s  e n v i r o n s  i n c l u d i n g  t h e  Sanquhar  
B a s i n ,  w i t h  d e t a i l e d  t r a v e r s e s  l o c a l l y  a c r o s s  t h e  m a j o r  NE 
/  SW f a u l t s .  A c o m p l e m e n t a r y  s u r v e y  o f  d e n s i t y -  
d i s t r i b u t i o n  (1961 b)  based on s amp l es  f r o m o u t c r o p s ,  
m i n e - s h a f t  s u r v e y s ,  and t o p o g r a p h i c  e f f e c t s  ( N e t t l e t o n  
me t hod)  i n d i c a t e d  t h a t  t h e  t h e  t wo most  i m p o r t a n t  p l a n e s
o f  d e n s i t y - c o n t r a s t  ( a d d i t i o n a l  t o  basement l a y e r i n g )  i n  
t e r ms  o f  e x p l a i n i n g  Bouguer  a n o m a l i e s  a c r o s s  t h e  e n t i r e
-3
r e g i o n  were as f o l l o w s :  100 kg m d e n s i t y  c o n t r a s t
b e t ween  Lower  Ol d  Red Sa n d s t o n e  and Lower  P a l a e o z o i c
g r e y w a c k e s ;  and 180 kg m d e n s i t y  c o n t r a s t  be t ween
C a r b o n i f e r o u s  s e d i m e n t s  and C l y d e  P l a t e a u  L a v a s ,  a l t h o u g h  
t h e  r e l a t i v e l y  l o w - d e n s i t y  Upper  Ol d  Red Sa n d s t o n e  and
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Per mi a n  s a n d s t o n e s  were L o c a l l y  s i g n i f i c a n t .  The dense
intrusions: o f  C a r b o n i f e r o u s  age a l s o  p r o d u c e d  a n o m a l i e s
l o c a l l y ,  and v a r i a t i o n s  o f  t h i c k n e s s  o f  C l y d e  P l a t e a u
Lavas  a p pea r  t o  be t h e  s i m p l e s t  e x p l a n a t i o n  o f  t h e  anomal y  
p a t t e r n  i n  n o r t h  A y r s h i r e  ( see p .  6 4 ) .
( 2 )  Qu r e s h i  ( 1 9 6 1 ,  1970)  made a s e m i - d e t a i l e d
s u r v e y  i n  p a r t s  o f  t h e  M i d l a n d  V a l l e y  and t h e  Grampi an 
H i g h l a n d s  o f  S c o t l a n d ,  f l a n k i n g  t h e  H i g h l a n d  Bounda r y
F a u l t - z o n e  be t ween  C a l l a n d e r  and Cowa l .
Comb i n i n g  r e s u l t s  f r om b o t h  s u r v e y s ,  McLean and
Q u r e s h i  ( 1 9 6 6 )  i n f e r r e d  t h a t  when a l l o w a n c e  i s  made f o r
t h e  c o n t r i b u t i o n  t o  t he  g r a v i t y  a n o m a l i e s  o f  t h e  l i g h t
Upper  P a l a e o z o i c  r o c k s  w i t h i n  t h e  g r a b e n ,  t h e  a d j u s t e d  
v a l u e s  o u t l i n e  an a c c e n t u a t e d  h i g h  o v e r  t h e  c e n t r e  o f  t he  
g r a b e n  w i t h  a d r o p  o f  250 t o  300 g . u . -  f r o m t h e  maximum t o  
t h e  n o r t h e r n  l i m i t  o f  t h e  a r ea  ( i . e .  t o w a r d s  t h e  s o u t h e r n  
H i g h l a n d s ) ,  w i t h  a c o r r e s p o n d i n g  d r o p  t o  t h e  s o u t h  ( i . e .  
t o w a r d s  t h e  S o u t h e r n  U p l a n d s ) .  The most  p r o b a b l e
g e o l o g i c a l  e x p l a n a t i o n  o f  t h i s ,  i s  a c r u s t a l  t h i n n i n g  o f
ab o u t  5 km ( w i t h  t h e  absence  o f  t h e  t h i c k  Lower  p a l a e o z o i c  
g e o s y n c l i n a l  sequences  o f  t u r b i d i t e s  o f  t h e  S o u t h e r n
U p l a n d s )  •
( 3 )  C o t t o n  ( 1 9 6 8 )  made a d e t a i l e d  s u r v e y  i n  t he  
Camps i es  and i n f e r r e d  t h a t  t h e  C l y d e  P l a t e a u  Lavas r ange  
i n  t h i c k n e s s  be t ween  0 . 2 5  km a t  N o r t h  T h i r d ,  and 0 . 7 5  km
Tns W  t l o ]
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a t  S t r a t h b l a n e .  He a l s o  e x p l a i n e d  t h a t  t h e  p r o b a b l e  r e a s on  
f o r  t h e  t h i c k e n i n g  o f  Lavas  a t  S t r a t h b l a n e  , i s  t h e  p i l i n g  
up o f  e x t r u s i v e s  a r o un d  t h e  v e n t s  o f  t h e  w e s t e r n  Camp s i es .
( 4 )  P o w e l l  ( 1978 a) made a d e t a i l e d  g r a v i t y  s t u d y  
o f  t h e  s e r p e n t i n i t e s  and o p h i o l i t e s  o f  t h e  G i r v a n  a r e a .  He 
gave a p r o b a b l e  d i s t r i b u t i o n  o f  t h e s e  r o c k s  b u t  gave no 
f i n a l  c o n c l u s i o n s  a b o u t  t h e i r  o r i g i n .
( 5 )  L a g i o s  and H i p k i n  (1 979)  made a s e m i - d e t a i  Ied 
c o v e r a g e  o f  t h e  e a s t  and s o u t h - e a s t e r n  p a r t s  o f  t he  
M i d l a n d  V a l l e y .  I n  t h e i r  i n t e r p r e t a t i o n  o f  t h e  g r a v i t y  
a n o m a l i e s  i n  s o u t h - e a s t  p a r t s ,  t h e y  i n f e r r e d  t h e  p r e s e n c e  
o f  a c o n c e a l e d  g r a n i t e  b a t h o l i t h  u n d e r  Twe edd a l e  i n  t he  
S o u t h e r n  U p l a n d s .
( b )  O t h e r  g e o p h y s i  c a I  s u r v e y s
( 7 )  H a l l  ( 1 9 7 1 ,  1974)  made s e i s m i c - r e f I e c t i o n
s t u d i e s  i n  n o r t h  A y r s h i r e  and R e n f r e w s h i r e  i n  o r d e r  t o
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d e t e r m i n e  t h i c k n e s s  v a r i a t i o n s  i n  t h e  C l y de  P l a t e a u  L a v a s .  
He a r r i v e d  a t  t h e  f o l l o w i n g  c o n c l u s i o n s :
(A)  t h e  Lavas  p r o b a b l y  f o r m an o r i g i n a l  p i l e  
a l o n g  a NW /  SE l i n e .  And t h e y  t h i n  away f r o m t h e  a x i s  o f  
t h e  p r e s e n t  o u t c r o p
(B)  t h e  maximum l i k e l y  t h i c k n e s s  o f  t h e  Lavas  i s
0 . 9  km.
( 8 )  Gunn ( 1973 )  u s i n g  e x i s t i n g  a e r o m a g n e t i c  d a t a ,  
s u g g e s t e d  t h a t  t h e  M i d l a n d  V a l l e y  i s  a " r e mn a n t ' *  o f  t h e  
p r o t o - A t l a n t i c  Ocean ( I a p e t u s  O c e a n ) ,  w i t h  t h e  H i g h l a n d  
Bo u n d a r y  F a u l t  and S o u t h e r n  U p l a n d s  F a u l t  m a r k i n g  t he  
p o s i t i o n  o f  d i v e r g i n g  B e n i o f f  z o n e s .  S e d i me n t s  e r o d e d  f r om 
t h e  f l a n k i n g  c o n t i n e n t a l  a r e a s  o f  t h e  H i g h l a n d s  and
S o u t h e r n  Up l a n ds  r e s t  d i r e c t l y  on o c e a n i c  c r u s t .
( 9 )  Ba mf o r d  e t  a t .  ( 1 9 7 6 ,  1977)  i n  t h e  LISPB
s e i s m i c - r e f r a c t i o n  e x p e r i m e n t ,  w h i c h  was d e s i g n e d  m a i n l y  
t o  s t u d y  Lower  C r u s t a l  and Upper  M a n t l e  s t r u c t u r e s  
i n f e r r e d  t h e  f o l l o w i n g :
( a )  i n  t h e  e a s t e r n  p a r t  o f  t h e  M i d l a n d  V a l l e y  
( t h e  s e i s m i c  r e f r a c t i o n  l i n e  p a s s es  t h r o u g h  E d i n b u r g h )  no 
s i g n i f i c a n t  t h i n n i n g  f r om S o u t h e r n  U p l a n d s  i n t o  M i d l a n d  
V a l l e y  o c c u r s .
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( b )  t h e  6 . 4  km s l a y e r  b e n e a t h  t h e  C a l e d o n i a n  
F o r e l a n d  a p p a r e n l t y  e x t e n d s  b e n e a t h  t h e  C a l e d o n i a n  Fo l d  
B e l t  i n t o  t h e  M i d l a n d  V a l l e y ,  b u t  may t e r m i n a t e  a t  t he
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S o u t h e r n  U p l a n d s  F a u l t .  I n  N.W.  S c o t l a n d  t h i s  l a y e r  has 
been i d e n t i f i e d  by Smi t h  and B o t t  ( 1 9 7 5 )  as g r a n u l i t e -  
f a c i e s  L e w i s i a n  basement  r o c k s .  I t s  d e p t h  v a r i e s  be t ween  6 
and 12 km.
( c )  t o  t h e  s o u t h  a l a y e r  o f  l o w e r  v e l o c i t y  ( 6 . 2 8
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km s ) u n d e r l y i n g  t h e  Lower  P a l a e o z o i c  sequences  at  a 
d e p t h  o f  8 t o  14 km may r e p r e s e n t  a p r e - C a l e d o n i a n  
b a s e m e n t .
( 1 0 )  P o w e l l  ( 1978  ) made a m a g n e t i c  s t u d y  a l o n g  
t h e  LISPB s e i s m i c - r e f r a c t i o n  l i n e ,  and i n f e r r e d  t h a t  any 
g r a n u l i t e s  u n de r  t h e  M i d l a n d  V a l l e y  a r e  l e s s  m a g n e t i c  t han  
t h e i r  c o u n t e r p a r t  i n  t h e  NW H i g h l a n d s .
1 . 2 . 2  R e g i o n a l  g e o l o g i c a l  s t u d i e s
•n.
( 1 )  Graham and Upt on  ( 1 9 7 8 )  a n a l y s e d  g n e i s s i c  
c l a s t s  c o l l e c t e d  f r o m C a r b o n i f e r o u s  v e n t s  i n  two
l o c a l i t i e s  i n  t h e  M i d l a n d  V a l l e y ,  and i n t e r p r e t e d  them as 
f r a g m e n t s  o f  a g n e i s s  c o m p l e x .  M i n e r a l  a s s e mb l a g e s  and 
t e x t u r e s  a r e  t y p i c a l  o f  g r a n u I i t e - f a c i e s  m e t a mo r p h i s m ,  and 
t h e y  a r e  g e oc h e mi c a  I l y  s i m i l a r  t o  L e w i s i a n  g r a n u l i t e s .
They a l s o  i n f e r r e d  t h a t  t h e s e  g n e i s s e s  c o u l d  have 
been d e r i v e d  f r o m a a l a y e r  d e f i n e d  s e i s m i c a l l y  by LISPB
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at  7 t o  8 km d e p t h ,  w h i c h  i s  u n c o n f o r ma b  l y  o v e r l a i n  by 
O r d o v i c i a n  and l a t e r  r o c k s .
T h i s  basement  compl ex  may have been an a re a  o f  
p o s i t i v e  r e l i e f  i n  L a t e  P r e c a m b r i a n  and E a r l y  P a l a e o z o i c  
t i m e s ,  and i t s  e x i s t e n c e  p r o v i d e s  an i m p o r t a n t  c o n s t r a i n t  
on p l a t e  t e c t o n i c  model s  o f  t h e  Lower  P a l a e o z o i c ,  most  
i m p o r t a n t l y  i t  s u g g e s t s  t h a t  t h e  C a l e d o n i a n  s u t u r e  l i e s  t o  
t h e  s o u t h  o f  t h e  S o u t h e r n  U p l a n d s  F a u l t .
( 2 )  Longman e t  a I . ,  ( 1 9 7 9 )  r e p o r t e d  t h e  p r e s e n c e
o f  b o u l d e r s  o f  m e t a q u a r t z i t e ,  a m p h i b o l i t e  and sh e a r e d
g r a n i t e  i n  t h e  n o r t h e r l y  d e r i v e d  O r d o v i c i a n  c o n g l o m e r a t e  -  
w i t h  s o u t h e r l y  d e r i v e d  S i l u r i a n  c o n g l o m e r a t e s  o f  t h e  
s o u t h e r n  M i d l a n d  V a l l e y  o f  S c o t l a n d .  They p o i n t e d  t h a t  
t h i s  e v i d e n c e  s u p p o r t  t h e  e x i s t e n c e  o f  P r e c a m b r i a n  
basement  u n de r  t h e  M i d l a n d  V a l l e y .
( 3 )  B l u c k  ( 1 9 7 8 )  p r o v i d e s  a c o m p r e h e n s i v e
d e s c r i p t i o n  o f  t h e  d i s t r i b u t i o n ,  t h e  s e d i m e n t o l o g i c a l  
s e t t i n g ,  and pa I e o g e o g r a p h i c  e v o l u t i o n  o f  t h e  Ol d  Red
S a n d s t o n e  i n  t h e  M i d l a n d  V a l l e y .  H i s  i n t e r p r e t a t i o n ,  
h o w e v e r ,  i s  e n t i r e l y  based on t h e  s e d i m e n t o l o g i c a l  a s p e c t s  
o f  t h e  Ol d  Red Sa n d s t o n e  b a s i n s  seen i n  o u t c r o p s .
1 . 2 . 3  S t u d i e s  on t he  d e v e l o p m e n t  o f  r i f t s
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Neugebaue r  ( 1 978 )  and Neugebauer  and 3 r a n e r  
( 1 9 7 8 )  have d e s c r i b e d  a mechan i sm o f  r i f t  f o r m a t i o n  
mechani sm and i n v o k e d  t h e  g r a v i t a t i o n a l  p o t e n t i a l  p r o d u c e d  
by updomi ng  t o  e x p l a i n  excess  e x t e n s i o n .  A summary o f  t he  
d e v e l o p m e n t  o f  o f  r i f t i n g  at  s u c c e s s i v e  s t a g e s  o f  
p r o g r e s s i v e  u p l i f t  w i t h  c o r r e s p o n d i n g  s t r e s s e s  and e f f e c t s  
a c c o r d i n g  t o  t h e i r  model  i s  as f o l l o w s :
( 1 )  1 / 6  o f  maximum u p l i f t  a t  5 M. a .  -  T h i s  s t a g e  
i s  marked by t h e  b e g i n n i n g  o f  f a i l u r e  a t  t h e  c e n t r a l  base 
o f  t h e  c r u s t a l  dome.  T e n s i o n  e x i s t s  n e a r  t h e  c e n t r e  and 
e n a b l e s  r i s e  o f  magma i n t o  t h e  l o w e r  c r u s t  as a n a x i a l  
i n t r u s i o n .  At  t h e  c r e s t  o f  t h e  dome s t r e s s e s  a r e  v e r y  l ow 
and o n l y  u p w a r p i n g  i s  v i s i b l e  a t  t he  s u r f a c e .
( 2 )  1 / 3  o f  maximum u p l i f t  a t  10 M . a .  -  Hi gh 
m a g n i t u d e  t e n s i o n  at  c e n t r a l  p a r t  o f  t h e  dome t h r o u g h o u t  
who l e  c r u s t ,  w i t h  o n s e t  o f  v o l c a n i c  a c t i v i t y  l i k e l y .  
T e n s i o n  causes  f a i l u r e  i n  t h e  l o w e r  c r u s t  and may a c t i v a t e  
e x i s t i n g  p r e - d o m i n g  f a u l t s  i n  t h e  up p e r  c r u s t .  T h i s  
i n c i p i e n t  v o l c a n i c  a c t i v i t y  i s  c o n f i n e d  t o  t h e  c r e s t  o f  
t h e  dome.
( 3 )  0 . 6  o f  maximum u p l i f t  a t  20 M . a .  -  T h i s  i s  
c h a r a c t e r i s e d  by t h e  f o r m a t i o n  o f  f a u l t s  i n  upper  c r u s t  
due t o  t h e  i n c r e a s i n g  u p l i f t .  F a i l u r e  o c c u r s  a t  t he  c r e s t  
f o r  f i r s t  t i m e ,  w i t h  c o r r e s p o n d i n g  t e n s i o n  c o n c e n t r a t e d  i n  
t h e  up p e r  10 km.  The m a j o r  f a u l t s  a l o n g  t h e  l i n e s  o f
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f u t u r e  g r a b e n  a r e  p r o b a b l y  f o r me d  a t  t h i s  s t a g e .  H i g h e r  
f r e q u e n c y  o f  v o l c a n i c  a c t i v i t y .
( 4 )  f i n a l  s t a g e  at  30 M. a .  -  C o n t i n u a t i o n  o f  
p r e v i o u s  t r e n d s ,  maximum s h e a r  s t r e s s e s  and t e n s i o n s  
sp r e ad  o u t w a r d s  f r o m c e n t r e  o f  t h e  dome.  F a u l t i n g  s t e p s  
t o w a r d s  t h e  f l a n k s  o f  t h e  dome and so does v o l c a n i c  
a c t i v i t y .  S t r a i n s  i n  up pe r  c r u s t ,  s u b s i d e n c e  o f  g r aben
p r o p e r  b e g i n s ,  and v o l c a n i c  a c t i v i t y  r e a c h e s  a maximum.  
(From t h e  c o n c e n t r a t i o n  o f  s t r e s s e s  i n  t h e  up pe r  10 km o f  
c r u s t ,  i t  may be c o n c l u d e d  t h a t  a g r a b e n  a t  t h a t  s t a g e  
does  n o t  e x t e n d  t o  such d e p t h  ( c f . Rh i n e  g r a b e n ) .
( 5 )  F u r t h e r  p o s t - u p l i f t  d e v e l o p m e n t :  I f  no
a d d i t i o n a l  u p l i f t ,  s t r e s s e s  a r e  r e l a x e d  by f a u l t i n g  and 
v o l c a n i c  a c t i v i t y  d e c r e a s e s ,  w i t h  m e c h a n i c a l  c o n d i t i o n s  
f o r  s p o r a d i c  v o l c a n i c  a c t i v i t y  w i t h  gas and ash
p r e d o m i n a n t .  I f  a s u b s e q u e n t  phase o f  u p l i f t  a t  r i f t ,  
t h e n  r e v i v a l  o f  s t r e s s - f i e I d s  o f  ( 1 )  and ( 2 ) ,  and renewed 
v o l c a n i c  a c t i v i t y  a t  c r e s t  o f  dome ( e . g .  Rh i ne  g r aben
a b ou t  30 M. a .  a f t e r  g r a be n  f o r m e d ) .
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1_._3 Ai ms o f  t h e  p r e s e n t  r e s e a r c h
The e x p l o r a t i o n  o f  d e e p e r ,  and c o n c e a l e d ,  g e o l o g y  
by g r a v i t y  s u r v e y s  has c o n v e n t i o n a l l y  s e r v e d  f o r  
r e c o n n a i s s a n c e  p r e c e d i n g  s e i s m i c  s u r v e y s  and deep d r i l l i n g  
w h i c h  l e a d  u s u a l l y  t o  f i r m e r  c o n c l u s i o n s  t h a n  are  o b t a i n e d  
f r o m g r a v i t y  a l o n e .  As an a d d i t i o n a l  c o n t r o l  on 
i n t e r p r e t a t i o n  becomes a v a i l a b l e ,  h o w e v e r ,  f u r t h e r  
a n a l y s i s  can be made o f ,  and new mean i ng  r ead  i n t o ,  t h e  
g r a v i t y  d a t a ,  and i t  has t h i s  a d d i t i o n a l  ' i n t e r a c t i v e '  f u n c t io n ,  
as  w e l l* .  The p r i me  aim o f  t h e  p r e s e n t  s t u d y  was t o  e x p l o r e
t h e  d e e p e r  g e o l o g y  o f  t h e  w e s t e r n  M i d l a n d  V a l l e y ,  i n  so 
f a r  as i t  c o u l d  be done f r o m g r a v i t y  d a t a ,  w i t h  t h e  
e x i s t i n g  g e o l o g i c a l  c o n t r o l .  T h i s  c o n t r o l  i s  so l i m i t e d  
t h a t  t h e  s t u d y  must  be r a t e d  as e s s e n t i a l l y  a 
r e c o n n a i s s a n c e  w i t h  l i t t l e  p o s s i b i l i t y  o f  f i r m  c o n c l u s i o n s  
b e i n g  d r a w n .  N e v e r t h e l e s s ,  t h e  p r o j e c t  seemed w o r t h w h i l e  
as a g u i d e  t o  p l a n n i n g  and i n t e r p r e t i n g  comi ng s e i s m i c -  
r e f r a c t i o n  p r o j e c t s ,  and o t h e r  i n v e s t i g a t i o n s  o f  t h e  
d e e p e r  g e o l o g y .
More t h a n  one model  and more t h a n  one g e o l o g i c a l  
i n t e r p r e t a t i o n  wou l d  a l m o s t  c e r t a i n l y  e me r g e ,  b u t  l i m i t s  
c o u l d  be se t  t o  t h e  p o s s i b l e  i n t e r p r e t a t i o n s  , and a most  
p r o b a b l e  s o l u t i o n  s u g g e s t e d .  Even i f  t h e r e  r ema i n e d  doub t  
a b ou t  what  was p r e s e n t ,  i t  seemed p r o b a b l e  t h a t  i t  wou l d  
be p o s s i b l e  t o  say more d e f i n i t e l y  what  was no t  p r e s e n t ,
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and so c o n c e i v a b l y  d i s t i n g u i s h ,  b e t wee n  t h e  c o n t r a s t i n g  
mode l s  o f  t h e  d e v e l o p me n t  o f  Lower  Ol d Red Sa n ds t o ne  
p r e s e n t e d  by George ( 1 9 58 )  and B l u c k  ( 1 9 7 8 ) .
S i n c e  so much o f  t h e  s t r u c t u r a l  d e v e l o p me n t  o f  
t h e  w e s t e r n  p a r t  o f  t h e  g r a b e n  i n  Upper  P a l a e o z o i c  t i m e s  
c o n s i s t s  o f  movement  a l o n g  t he  m a j o r  NE /  SW f a u l t s  ( p .  
1 0 - 1 2 )  and p r o d u c e s  a b r u p t  changes  o f  s u c c e s s i o n  a c r o s s  
t h e m,  a s e c o n d a r y  aim was t o  p r o b e  t h e  g e o m e t r y  o f  t h e s e  
f a u l t s  ( hade ? t h r o w  ? changes  a c r o s s  them ?) so f a r  as 
p o s s i b l e  by d e t a i l e d  s u r v e y s  a c r o s s  s e l e c t e d  l o c a l i t i e s .
To a c h i e v e  t h e s e  g e n e r a l  a i ms i t  was n e c e s s a r y ,  
f i r s t l y  as a d a t a - b a s e ,
( 1 )  t o  c o m p i l e  a g r a v i t y  map o f  t h e  r e g i o n ,  i n  
wh i c h  a l l  d a t a  were r e f e r r e d  t o  t h e  same b a s e - l e v e l s  and 
made u n i f o r m ;
(2 )  t o  f i l l  i n  gaps o f  c o v e r a g e ,  p a r t i c u l a r l y  i n  
t h e  a r e a s  o f  t h e  Lesmahagow I n l i e r ,  and t h e  S t r a t h a v e n  
H i l l s .
( 3 )  t o  make d e t a i l e d  g r a v i t y  and m a g n e t i c  
s u r v e y s .  I n  s e l e c t e d  a r e as  on m a j o r  NE /SW F a u l t s .  These 
were c a r r i e d  ou t  a t  H i gh  Dyke f a r m ,  B l a e l o c h h e a d  f a r m and 
a t  Holms and M i d d l e  C r o f t  f a r m s .
S e c o n d l y ,  t o  a n a l y s e  t h e  t o t a l  f i e l d ,  i t  was
n e c e s s a r y
( 1 )  t o  p r e p a r e  and t e s t  s u i t a b l e  co mp u t e r
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p r o g r a m s ,  some o f  wh i c h  were made a v a i l a b l e  by Dr P o w e l l  
( p e r s .  c o mm. ) ,  and o t h e r s  were e i t h e r  c o r r e c t e d ,  m o d i f i e d  
o r  c o n v e r t e d  f r om e x i s t i n g  p u b l i c a t i o n s  ( t e c h n i c a l
j o u r n a l s  o r  t h e s e s ) .
( 2 )  t o  d i g i t i s e  t h e  t o p o g r a p h i c  maps o f  most  o f  
t h e  M i d l a n d  V a l l e y ,  so t h a t  t h e y  can be used i n  t h e
T e r r a i n  C o r r e c t i o n  p r o g r a m .
F i n a l l y ,  t o  i n t e r p r e t  t h e  componen t s  o f  t h e  
g r a v i t y  f i e l d  i t  was n e c e s s a r y  t o
( 1 )  c a l c u l a t e  t h e  p s e u d o - g r a v i t y  e f f e c t  o f  t h e  
C l y d e  P l a t e a u  Lavas ( i n c l u d i n g  B a t h g a t e  f r om t h e  ma g n e t i c  
map o f  Gr e a t  B r i t a i n  ( Sh e e t  No.  11)
( 2 )  c a l c u l a t e  t h e  g r a v i t y  e f f e c t  o f  t h e  s u p r a -  
H u r l e t  L i m e s t o n e  s e d i m e n t s
( 3 )  a n a l y s e  t h e  r e s i d u a l s  a f t e r  t h e s e  component s  
were s u b t r a c t e d
( 4 )  i n v e r t  t h e  r e s i d u a l s  maps i n t o  d e n s i t y - m o d e I s
( 5 )  U l t i m a t e l y  t h e s e  d e n s i t y - m o d e I s  were 
i n t e r p r e t e d  i n  c o n j u n c t i o n  w i t h  p u b l i s h e d  w o r k .
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CHAPTER 2
2.  THJE GRAVITY DATA
 ^ e x i s t i n g  s u r v e y s
2 . 1 . 1  Base s t a t i o n  n e t w o r k
The p r e - 1973 n e t w o r k
The o l d e s t  n e t w o r k  o f  base s t a t i o n s  l i n k e d  by 
g r a v i t y - m e t e r  i n  t h e  M i d l a n d  V a l l e y  o f  S c o t l a n d ,  was p a r t  
o f  a c a l i b r a t i o n  l i n e  l i n k i n g  t h e  pendu l um s t a t i o n s  at  
C a m b r i d g e ,  Y o r k ,  N e w c a s t l e  Upon T y n e ,  E d i n b u r g h  and 
A b e r d e e n ,  wh i c h  was e s t a b l i s h e d  by B u l l e r w e l l  ( 1 9 5 2 ) .  T h i s  
was s u b s e q u e n t l y  i n c o r p o r a t e d  i n  a n a t i o n a l  n e t w o r k  
c o v e r i n g  most  o f  S c o t l a n d ,  w h i c h  was e s t a b l i s h e d  m a i n l y  by 
B u l l e r w e l l  and P h e m i s t e r  ( p e r s .  comm. )  i n  t h e  e a r l y  1 9 5 0 ' s  
as p a r t  o f  t h e i r  r e c o n n a i s s a n c e  g r a v i t y  s u r v e y  o f  
S c o t l a n d .  These d a t a  were n e v e r  p u b l i s h e d  i n  a j o u r n a l  by 
t h e i r  a u t h o r s  b u t  were a v a i l a b l e  t o  l a t e r  w o r k e r s .  T h e i r  
bases  were r e - o c c u p i e d ,  t h e  l i n k s  were r e - e v a l u a t e d ,  and 
t h e  n e t w o r k  was e x t e n d e d  by e s t a b l i s h i n g  new bases  i n  t h e  
c o u r s e  o f  l a t e r ,  more d e t a i l e d  g r a v i t y  s u r v e y s .  Most  o f
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t h e s e  r e g i o n a l  s u r v e y s  were c a r r i e d  ou t  by t h e  A p p l i e d  
G e o p h y s i c s  U n i t  o f  IGS and i t s  p r e d e c e s s o r  t h e  G e o l o g i c a l  
S u r v e y ,  o r  by s t a f f  and s t u d e n t s  f r o m  t h e  D e p a r t me n t  o f  
G e o l o g y ,  U n i v e r s i t y  o f  Gl a s g ow.  The e f f o r t s  o f  t h e  l a t t e r  
were c o n c e n t r a t e d  i n  t he  w e s t e r n  p a r t  o f  t h e  M i d l a n d  
V a l l e y ,  and i n  t h e  a d j a c e n t  s e a - a r e a s .  A r e v i s e d ,  and 
e x p a n d e d ,  e v a l u a t i o n  o f  t h i s  o l d e r  n e t w o r k  i n  t h e  w e s t e r n  
M i d l a n d  V a l l e y  was made and p u b l i s h e d  by McLean ( 1 9 6 6 ) .  
T h i s  showed t h a t  t he  l a r g e s t  e r r o r  i n  B u l l e r w e l l  and 
P h e m i s t e r ' s  v a l u e s  o f  bases  l y i n g  t o  t h e  wes t  o f  t h e  
c a l i b r a t i o n  l i n e ,  was i n  t h e  v a l u e  f o r  P o r t  Gl asgow b a s e .  
T h i s  e r r o r  was p r o p a g a t e d  by t h e  use o f  t h e  P o r t  Gl asgow 
base as t h e  t i e - i n  p o i n t  on t h e  m a i n l a n d  f o r  ma r i n e  
s u r v e y s  on t h e  S c o t t i s h  s h e l f  and s u r v e y s  o f  a d j a c e n t  
a r e a s .
The p r o b l e m and i t s  r e s o l u t i o n  a r e  d i s c u s s e d  i n  
McLean and Wren ( 1 9 7 8 ) .  O t h e r  s u r v e y s  i n  t h e  w e s t e r n  
M i d l a n d  V a l l e y  ( Q u r e s h i ,  1 961 ;  C o t t o n ,  1968 ;  I n a m d a r ,  
p e r s .  comm; P o w e l l ,  1 9 7 8 ) ,  i n  g e n e r a l ,  embraced s m a l l e r  
a r e a s  and used t h e  B u l l e r w e l l  and P h e m i s t e r ' s ,  and t he  IGS 
bases  u s u a l l y  w i t h o u t  r e - l i n k i n g  them t o  t h e  c a l i b r a t i o n  
l i n e ,  o r  a d d i n g  more t h a n  a few l o c a l  bases  f o r  t he  
c o n v e n i e n c e  o f  d e t a i l e d  w o r k .  D e t a i l s  a r e  g i v e n  i n  t h e  
p u b l i s h e d  r e s u l t s .  For  t h e  p u r p o s e  o f  t h e s e  s u r v e y s  an 
a c c u r a t e  v a l u e  o f  a b s o l u t e  g r a v i t y  was n o t  i m p o r t a n t .
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O c c a s i o n a l  r e v i s i o n  o f  t h e  v a l u e s  a c c e p t e d  as b e s t ,  
r e l a t i v e  t o  a Cambr i dge  Pendul um House v a l u e  o f  9812650 .  
g . u . ,  was made by I GS,  and t h e s e  emphemer a l  v a l u e s  were 
used as r e f e r e n c e  d a t a  as t h e  o c c a s i o n  a r o s e .  T h i s  had 
p r o d u c e d  by t h e  m i d - 1 9 7 0 ' s  a number  o f  s u r v e y s  i n  t h e  
w e s t e r n  S c o t l a n d  no t  u n i f o r m l y  r e f e r r e d  t o  t h e  same
f r a me w o r k  o f  base s t a t i o n  v a l u e s .  A r e g i o n a l  g r a v i t y  map
c o m p i l e d  f r om t h e s e  unamended d a t a  wou l d  have been
d i s t o r t e d  a t  t h e  ma r g i n s  o f  s u r v e y  a r e a s  by t h e s e  s m a l l  
changes  o f  d a t u m.
NGRN 73 n e t w o r k
The I n t e r n a t i o n a l  A s s o c i a t i o n  o f  Geodesy ( I AG)  
recommended ( R e s o l u t i o n  No.  11 ,  IUGG) a t  i t s  1971 me e t i n g  
i n  Moscow t h a t  -  f u r t h e r  t o  t h e  p r o v i s i o n a l  c o r r e c t i o n  o f  
140 g . u .  ( 14 mGal )  t o  t h e  Pot sdam v a l u e  a d o p t e d  at  t he  
L u c e r n e  G e n e r a l  Assemb l y  i n  1967 ( R e s o l u t i o n  No.  22)  -  t he  
I n t e r n a t i o n a l  G r a v i t y  S t a n d a r d i z a t i o n  Net  ( IGS 71)  wh i ch  
i n c o r p o a t e s  t h i s  a d j u s t m e n t  and g i v e s  g r a v i t y  v a l u e s  w i t h  
t h e  same o r d e r  o f  a c c u r a c y  t h r o u g h o u t  i t s  r a n g e ,  be 
a d o p t e d  as a d a t u m.  At  B r i t i s h  n a t i o n a l  l e v e l  t h e s e  moves 
h e l p e d  t o  e n c o u r a g e  t h e  n e c e s s a r y ,  c o m p l e t e  r e v i s i o n  o f  
g r a v i t y  s t a t i o n  v a l u e s  i n  U . K . ,  w i t h  t h e  most  n o t a b l e  
ou t come b e i n g  t h e  N a t i o n a l  G r a v i t y  R e f e r e n c e  Net  1973
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(NGRN 73)  e s t a b l i s h e d  by t h e  OS and t h e  IGS ( M a s s o n - S m i t h ,  
H o w e l l  and A b e r n e t h y - C I  a r k ,  1 9 7 4 ) .  Cambr i dge  Pendul um
House has a v a l u e  o f  9 8 1 2 5 3 9 . 2  g . u .  w i t h  r e s p e c t  t o  t h i s  
new R e f e r e n c e  N e t ,  t h a t  i s  i t s  v a l u e  i s  r e d uc e d  by 1 1 0 . 8  
g . u . .
These new g r a v i t y  bases  a r e  s i t e d  a t  Fundamen t a l  
Bench Marks  ( FBMs) .  Ther e  ar e  f o u r  w i t h i n  t h e  a r ea  
c o n s i d e r e d  i n  t h i s  t h e s i s ,  w h i c h  c o u l d  be used 
c o n v e n i e n t l y  t o  l i n k  t h e  o l d e r  n e t w o r k s  ( t o  wh i c h  a l l  t h e  
o b s e r v a t i o n s  had been r e f e r r e d )  t o  t h i s  sys t em o f  
r e f e r e n c e  (NGRN 7 3 ) .  D e t a i l s  o f  t h e i r  l o c a t i o n s  were
k i n d l y  p r o v i d e d  by t h e  C h i e f  S u r v e y o r  C o n t r o l ,  S c o t t i s h  
R e g i o n ,  Or dnance  S u r v e y .  The d i s t r i b u t i o n  o f  t h e s e  FBMs 
u s e d ,  r e l a t i v e  t o  t he  o l d e r  base s t a t i o n  n e t w o r k ,  i s  shown 
i n F i g .  4 .
L i n k i n g  t h e  o l d e r  base s t a t i o n  n e t w o r k s  t o  NGRN 73
The a d j u s t m e n t  made t o  each s e t  o f  o l d e r  o b s e r v e d
g r a v i t y  v a l u e s  so t h a t  a l l  d a t a  i s  u n i f o r m l y  r e f e r r e d  t o
NGRN 73 was c a r r i e d  o u t  i n  two s t a g e s .  F i r s t l y  d i f f e r e n c e s  
i n  g b e t ween  t h e  f o u r  NGRN 73 bases  and t h i r t e e n  
n e i g h b o u r i n g  bases  i n  t he  o l d e r  n e t w o r k  were d e t e r m i n e d  by 
l o o p i n g  be t ween  p a i r s  ( one new,  one o l d )  o f  b a s e s .  A
second  i n d e p e n d e n t  measur ment  was made o f  t h o s e  l i n k s  i n
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wh i ch  t h e  o r i g i n a l  showed h i g h  i n s t r u m e n t a l  d r i f t ,  bu t  t h e  
r e p e a t e d  r e s u l t s  checked  w i t h i n  0 . 1  g,u. ,  t h a t  i s  w i t h i n  
t h e  p r e c i s i o n  o f  t h e  m e t e r .
At  t h e  second s t a g e  o f  e s t a b l i s h i n g  t h e  new 
i n t e g r a t e d  n e t w o r k  t i e d  t o  NGRN 73 ,  t h e  t h i r t e e n  new l i n k s  
were t r e a t e d  as e x t e n s i o n s  t o  t h e  o l d  n e t w o r k .  A l l  t h e  
l i n k s  i n  t h e  r e v i s e d  ( and e x t e n d e d )  n e t w o r k  were r e ­
comput ed  and t h e  c losure  e r r o r s  r e - d i s t r i b u t e d  u s i n g  t h e  
l e a s t  s q u a r e  a d j u s t m e n t  met hod d e s c r i b e d  by Bacon ( 1 9 7 2 ) .  
The c o n s t r a i n t  i mposed i n  t h e  c o mp u t e r  p r o g r a m was t o  keep 
t h e  NGRN 73 v a l u e s  o f  t h e  f o u r  f u n d a m e n t a l  s t a t i o n s  
u n c h a n g e d .  C l o s u r e  e r r o r s  and new v a l u e s  f o r  each l i n k  
( w i t h  t h e  a p p r o p r i a t e  c l o s u r e  e r r o r  c o r r e c t i o n )  w i t h i n  t h e  
i n t e g r a t e d  n e t w o r k  a r e  shown i n  F i g .  4 .
The l a r g e s t  e r r o r  i s  1 . 9  g . u . ,  and t h e  R. M. S.
c l o s u r e  e r r o r  i s  0 . 1  g . u .  w i t h  an S . D.  o f  0 . 4 7  g . u .  f o r  a 
s i n g l e  o b s e r v a t i o n .  The t a b u l a t e d  r e s u l t s  ( T a b l e  2) 
i n d i c a t e  t h a t  t h e  o l d e r  base s t a t i o n  v a l u e s  ( McLean ,  1966)  
a r e  h i g h e r  by an a v e r a g e  o f  1 1 5 . 6  g . u .  w i t h  r e s p e c t  t o  
NGRN 73 w i t h  an S . D.  o f  0 . 3 6  g . u . .  T h i s  d i f f e r e n c e  may 
be a s c r i b e d  ( w i t h  r e f e r e n c e  t o  NGRN 73 and assumi ng  no 
e r r o r  i n  i t )  t o ;
( 1 )  A change i n  Cambr i dge  Pendu l um House v a l u e  o f  -  1 1 0 . 8  
g . u .  w i t h  r e s p e c t  t o  NGRN 73 ,
( 2 )  An e r r o r  i n  t he  o l d e r  n e t w o r k  ( i n  p a r t  a c a l i b r a t i o n
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e r r o r )  be t ween  Cambr i dge  Pendul um House and t h i s  r e g i o n a l  
n e t w o r k  i n  t h e  w e s t e r n  M i d l a n d  V a l l e y  o f  S c o t l a n d  o f  4 . 8  
g . u . .
The f i n a l  s t a g e  o f  t h e  r e v i s i o n  was t o  a d j u s t  t h e  
v a l u e s  o f  t h e  l o c a l  bases e s t a b l i s h e d  by Qu r e s h i  d u r i n g  
h i s  s u r v e y  o f  t h e  H i g h l a n d  Bo u n d a r y  B o r d e r ,  By C o t t o n  i n  
h i s  s u r v e y  o f  t h e  Ca mp s i e s ,  and by IGS s u r v e y  near  
B a t h g a t e  .
Q u r e s h i ' s  n e t w o r k  i s  l i n k e d  t o  bases  A . 56 and 
B . 37  o f  t h e  i n t e g r a t e d  n e t w o r k .  The r e v i s e d  v a l u e s  o f  
t h e s e  were used as t h e  c o n s t r a i n t  when r e - d i s t r i b u t i n g  
c l o s u r e  e r r o r s .  The new v a l u e s  a r e  g i v e n  i n  T a b l e  2.  
They show an av e r a g e  d r o p  o f  116. 1  g . u .  f r o m t h e  o l d e r  
v a l u e s  w i t h  an S. D.  o f  0 . 3 6  g . u . .
C o t t o n ' s  l o c a l  n e t w o r k  i s  l i n k e d  t o  bases  A . 87 
(Denny l o a n h e a d )  and A . 56 ( A n n i e s  I a n d ) . The new v a l u e s  o f  
h i s  b a s e s ,  u s i n g  t h e  r e v i s e d  v a l u e s  o f  t h e s e  as a 
c o n s t r a i n t ,  a r e  g i v e n  i n  co l umn  3 o f  T a b l e  4 .  They are  2 . 6  
g . u .  s m a l l e r ,  w i t h  an S. D.  o f  l e s s  t h a n  0 . 1  g . u . ,  w i t h
r e s p e c t  t o  t h e  o l d e r  ( I GS)  a c c e p t e d  v a l u e s  a t  t h e  t i me  o f
y
h i s  s u v e y ,  and 2 . 2  g . u .  t o o  l ow w i t h  r e s p e c t  t o  t h e  v a l u e s  
o f  Mc L e a n ' s  ( 1 9 6 6 )  n e t w o r k .
The IGS n e t w o r k  has two s t a t i o n s  A . 87 
(Denny l o a n h e a d )  and A . 76 ( A i r d r i e )  i n  t h e  B a t h g a t e  a r e a ,  
i n c o r p o r a t e d  i n t o  t h e  n e t w o r k ,  and used f o r  a l o c a l
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s u r v e y .  T h e i r  o l d e r  v a l u e s  were 1 1 6 . 6  g . u .  h i g h e r  t h a n  
NGRN 73 v a l u e s  w i t h  an S. D.  o f  0 . 2  g . u . .
E l - 3 a t r o u k h  ' s s u r v e y  i s  l i n k e d  t o  t h e  n e t w o r k  
o n l y  by base A . 40 ,  and i t s  r e v i s e d  v a l u e  i n d i c a t e s  t h a t  
h i s  v a l u e s  were 1 1 3 . 2  g . u .  t o o  h i g h .
These r e v i s e d  base s t a t i o n  v a l u e s  o f  t h e  
i n t e g r a t e d  n e t w o r k  ar e  used i n  r e f e r r i n g  a l l  t h e  o l d e r  
s u r v e y s  t o  NGRN 73.
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2 . 1 . 2  R e d u c t i o n  o f  t h e  Bouguer  a n o m a l i e s  t o  c o n f o r m  t o
NGRN 73 and IGF 67
IGF 67
D u r i n g  t h e  p e r i o d  when n e a r l y  a l l  t h e  g r a v i t y
s u r v e y s  i n  t h e  w e s t e r n  M i d l a n d  V a l l e y  and F i r t h  o f  C l yde
r e g i o n  were c a r r i e d  o u t ,  and t h e  r e s u l t s  r educed  t o
Bougue r  a n o m a l i e s ,  c o r r e c t i o n s  f o r  l a t i t u d e  were a p p l i e d
u s i n g  IGF 1 9 30 ,  wh i c h  i f  i s  l a t i t u d e  and i s  t h e
t h e o r e t i c a l  v a l u e  o f  g r a v i t y  a t  t h a t  l a t i t u d e  t h e n
2 , 2 
« = 9 7 8 0 4 9 0 .  (1 + 0 . 0 0 5 2 8 8 4  s i n  /  -  0 . 0 0 0 0 0 5 9  s i n  2 p
I n t e r p o l a t e d  v a l u e s ,  a c c u r a t e  t o  0 . 1  g . u . ,  can be d e r i v e d
u s i n g  a s i m p l i f i e d  l i n e a r  f o r m u l a  where a s u r v e y  a r e a  i s
o f  t h e  o r d e r  o f  t e n s  o f  m i n u t e s  w i d e .
I n  1967 t h e  I n t e r n a t i o n a l  Un i o n  o f  Geodesy and
G e o p h y s i c s  CIUGG) r e s o l v e d  ( R e s o l u t i o n  1 and 2)  t h a t  IGF
1930 may c o n t i n u e  t o  be used as a r e f e r e n c e  f o r  c u r r e n t
work  where a change wou l d  be d i s a d v a n t a g e o u s ,  b u t  t h a t  t he
R e f e r e n c e  E l l i p s o i d  1967 and t h e  c o r r e s p o n d i n g  g r a v i t y
f o r m u l a  ( I GF 67)  be a d o p t e d  as t h e  s t a n d a r d  r e f e r e n c e
d a t a .
The new datum was a d o p t e d  by IGS,  and o t h e r
B r i t i s h  g e o p h y s i c i s t s ,  and IGF 67 i s  used i n  t he  p r e s e n t
r e v i s i o n  o f  o l d e r  d a t a . A n d  t l ie  IGF 67 i s  t
Z  2
& = 9780318., (1  + 0 . 0 0 5 3 0 2 4  s i n  #  -  0 .0 0 0 0 0 5 9  s in  2 0 )  g .u ..
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Reduc t  i on o f  Bougue r a n o m a l i e s  t o  c o n f o r m  t  o NGRN 73
The d a t a  used i n  c o m p i l i n g  t h e  r e g i o n a l  map ( F i g .  
5)  were made a v a i l a b l e ,  o r  p u b l i s h e d ,  as Bouguer  a n o m a l i e s  
c o r r e c t e d  u s i n g  IGF 1930 and r e f e r r e d  t o  Cambr i dge
Pendul um House ( a c c e p t e d  v a l u e  9 3 1 2 6 5 0 .  g . u . )  and t he
o l d e r  n e t w o r k  v a l u e s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  more 
r e c e n t l y  a c q u i r e d  d a t a  o f  H i p k i n  ( p e r s .  c omm. ) .  t o  amend 
them t o  c o n f o r m  t o  NGRN 73 and IGF 6 7 ,  ( i )  t h e  d i f f e r e n c e  
be t wee n  IGF 1930 and IGF 67 was c a l c u l a t e d  f o r  each 
s t a t i o n ,  u s i n g  t h e  c o - o r d i n a t e s  o f  each s t a t i o n  t o  
d e t e r m i n e  l a t i t u d e ,  and added t o  t h e  Bo u gu e r  a n o ma l y .  And
( i i )  t he  a v e r a g e  d i f f e r e n c e s  b e t we e n  t h e  o l d  base s t a t i o n  
v a l u e s  and t h e  NGRN 73 v a l u e s  was c a l c u l a t e d  f o r  each
n e t w o r k ,  and was s u b t r a c t e d  f r o m t h e  Bougue r  a n o ma l y .
These a v e r a g e  v a l u e s  t h a t  were used f o r  each s e t  o f  d a t a  
a r e  shown i n  T a b l e  2.  A p p l i e d  G e o p h y s i c s  U n i t  o f  IGS 
( p e r s .  comm.)  c o n v e r t  f r o m t h e  o l d  base s t a t i o n  n e t w o r k  t o  
t h e  new by m u l t i p l y i n g  t h e  o l d  " G r a v i t y  t o  C . P . H . "  by 
0 . 9 99 41  t o  l o o k  a f t e r  t h e  c a l i b r a t i o n  changes  ( a t  t he 
c a l i b r a t i o n  r a n g e )  and t h e n  s i m p l y  a d d i n g  9 8 1 2 5 3 9 . 2  g . u .  
t o  t h e  new d i f f e r e n c e s .
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C a r b o n i f e r o u s s e d i m e n t s 2540 kg
- 5m
Cl y de  P l a t e a u Lavas 2720 kg
- 3m
Lower  Ol d  Red Sands t one 2650 kg
- 3m
O r d o v i c i a n  g r ey wa c k es 2720 kg
- 3
m
T a b l e  ( 1 )  d e n s i t i e s  o f  r o c k s  used i n  t h e  c a l c u l a t i o n s .
The d e n s i t i e s  used f o r  b o t h  t h e  Bouguer  
r e d u c t i o n s  and f o r  t e r r a i n  c o r r e c t i o n s  have been s p e c i f i e d  
as a v e r a g e s  f o r  each 4 x 4 km s q u a r e  b l o c k  on t h e  N a t i o n a l  
G r i d .  These a r e  l i s t e d  i n  t h e  p r i n t o u t s  f r o m t h e  p r o g r a m.
Bo t h  t h e  s t a t i o n  d a t a  s h e e t s  and p r i n t o u t s  a r e  
l o d g e d  w i t h  t h e  De p a r t me n t  o f  Ge o l og y  i n  t h e  U n i v e r s i t y  o f  
G l a s g o w .  For  f u l l e r  l i s t  see a l s o  McLean (1961 a ) ,  E l -
B a t r o u k h  ( 1 9 7 5 ) *  Qu r e s h i  ( 1 9 7 0 ) .
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s t a t i o n 1966 1966 NGRN73 di  f  f . d i  f  f
number o r i  g i n a  I 
v a l u e
r e c a l c
v a l u e new va I
( 1 - 3 ) ( 1 - 2 )
(1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )
g . u . g . u . g . u . g . u . g . u .
2 5 / A1 9 2 9 70 . 5 2 970 . 5 2 9 6 5 . 7 4 . 8 0 . 0
20* 2858 . 1 2 8 5 8 . 0 2 8 5 3 . 2 4 . 9 0 . 0
3 2 ' 3 0 9 9 . 3 3 0 9 9 . 4 3 0 9 4 . 6 4 . 7 - 0 . 1
24 3 1 6 7 . 9 3 1 6 7 . 7 3 1 6 2 . 9 5 . 0 0 . 2
25 3 2 6 3 . 0 3 2 6 2 . 6 3 2 5 7 . 8 5 . 2 0 . 4
3 7 ' 3 345 . 1 3 3 4 4 . 0 3 3 3 9 . 2 5 . 9 1.1
BOWLING 3305 . 1 3 3 0 0 . 3
56* 3 3 0 4 . 3 3 2 9 9 . 5
55 1 3 0 3 4 . 4 3 0 3 4 . 4 3 0 2 9 . 6 4 . 8 0 . 0
36 1 3 2 6 9 . 2 3 2 6 8 . 9 3 2 6 4 . 1 5.1 0 . 3
65 2 9 1 7 . 7 2918 . 1 2 9 1 3 . 3 4 . 4 - 0 . 4
75 3 0 5 5 . 7 3 0 5 5 . 8 3051 . 0 4 . 7 - 0 . 1
85 * 2 8 1 0 . 3 2 8 1 0 . 5 2 3 0 5 . 7 4 . 6 - 0 . 2
76 ' 3 0 2 8 . 5 3 0 2 8 . 0 3 0 2 3 . 2 5 . 3 0 . 5
8 7 ' 3 3 7 1 . 2 3 3 7 2 . 8 3 3 6 8 . 0 3 . 2 - 1 . 6
9 6 ' 3 1 2 6 . 6 31 2 6 . 1 3 1 2 1 . 3 5 . 3 0 . 5
LINLITHGOW 3 3 2 0 . 3 3 3 1 5 . 5
95 ' 2 7 4 6 . 2 2 7 4 6 . 3 2741 .5 4 . 7 - 0 . 1
THANKERTTON 2696 . 1 2691 .3
84 1 2 7 5 7 . 6 2758 . 1 2 7 5 3 . 3 4 . 3 - 0 . 5
92 1 2 5 9 0 . 8 2 5 9 1 . 4 2 5 8 6 . 6 4 . 2 - 0 . 6
3 6 /A 03 2 7 1 7 . 8 2 7 1 8 . 3 2 7 1 3 . 5 4 . 3 - 0 . 5
53 ' 2927 . 1 2 9 2 7 . 6 2 9 2 2 . 8 4 . 3 - 0 . 5
72 2 6 5 7 . 0 2 6 5 7 . 4 2 6 5 2 . 6 4 . 4 - 0 . 4
52 2 7 7 6 . 2 27 76 . 5 2771 . 7 4 . 5 - 0 . 3
61 2 6 0 5 . 0 2 6 0 5 . 2 2 6 0 0 . 4 4 . 6 - 0 . 2
71 2664 . 1 2 664 . 5 2 6 5 9 . 7 4 . 4 - 0 . 4
4 0 ' 2 5 6 5 . 8 2 5 6 5 . 9 2561 . 1 4 . 7 - 0 . 1
A y r 2 9 0 5 . 0 2 9 0 0 . 2
43 3 1 0 2 . 9 3 1 0 3 . 0 3 0 9 8 . 2 4 . 7 - 0 . 1
44 2 9 1 9 . 4 2 9 1 9 . 6 2 9 1 4 . 8 4 . 6 - 0 . 2
A 35 3 1 5 0 . 9 3 1 5 0 . 7 3 1 4 5 . 9 5 . 0 0 . 2
B 35 3 1 0 2 . 0 3101 . 9 30 97 . 1 4 . 7 - 0 . 1
74 2 7 7 9 . 5 2 7 8 0 . 0 2 7 7 5 . 2 4 . 3 - 0 . 5
T a b l e  ( 2 )  : Compa r i son o f  t h e v a l u e s o f t h e  o l d
s t a t i o n  n e t w o r k  w i t h  t he  p r e s e n t  NGRN 73 r e f e r e n c e d  
n e t w o r k .  co l umn ( 1 )  r e p r e s e n t s  t h e  l a s t  f i g u r e s  v a l u e s
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g i v e n  by McLean ( 19 66 )  f o r  h i s  base s t a t i o n  n e t w o r k  and 
a r e  r e f e r e n c e d  t o  a Cambr i dge  Pendu l um House v a l u e  o f
9 8 1 2 6 5 0 . 0  g . u . .  Column ( 2 )  r e p r e s e n t s  r e v i s e d  v a l u e s  o f
t h e  o l d  n e t w o r k ,  o b t a i n e d  a f t e r  t h e  i n c l u s i o n  o f  t h e  
i n c l u s i o n  o f  t h e  f o u r  f u n d a m e n t a l  s t a t i o n s  o f  t h e  NGRN 73 
and s t a t i o n  56 ,  where  c l o s u r e  e r r o r s  were r e c a l c u l a t e d  and 
r e d i s t r i b u t e d .  V a l u e s  a r e  g i v e n  r e l a t i v e  t o  a Cambr i dge  
Pendul um House v a l u e  o f  9 8 1 2 6 5 0 . 0  g . u . .  Column (3)
r e p r e s e n t s  t h e  new v a l u e s  o f  t h e  n e t w o r k  r e l a t i v e  t o  a
Cambr i dge  Pendul um House v a l u e  o f  9 8 1 2 5 3 9 . 2  g . u . ,  wh i c h
r e f e r s  t o  t h e  NGRN 73 .  Col umn ( 4 )  r e p r e s e n t s  t he  
d i f f e r e n c e  i n  g . u .  b e t ween  t h e  o l d  base s t a t i o n  v a l u e s  and 
t h e  v a l u e s  o f  t h e  n e wl y  expanded  n e t w o r k  when b o t h  v a l u e s  
a r e  c a l c u l a t e d  r e l a t i v e  t o  Cambr i d ge  Pendul um House.  
Col umn ( 5 )  r e p r e s e n t s  t h e  d i f f e r e n c e  b e t ween  t h e  o r i g i n a l  
v a l u e s  and t h e  r e c a l c u l a t e d  v a l u e s  a f t e r  t h e  a d d i t i o n  o f
t h e  e x t r a  f i v e  s t a t i o n s  t o  t h e  o l d  n e t w o r k .  Th i s  
d i f f e r e n c e  i s  due t o  r e - d i s t r i b u t i n g  c l o s u r e  e r r o r s ,  u s i n g  
a c o m p u t e r  p r o g r a m i n  c a l c u l a t i n g  t he m.  S t a t i o n s  l a b e l e d  
w i t h  a hyphen ( ' )  a r e  t h o s e  s t a t i o n s  wh i c h  a r e  d i r e c t l y  
c o n n e c t e d  t o  t h e  f u n d a m e n t a l  g r a v i t y  s t a t i o n s  o f  t h e  NGRN 
73.
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s t a t i o n o r i g i n a l r e c a l c . new f  i  f  f  e r . d i  f f e r e n c e
number v a l u e s v a l u e s Nnce
number v a l u e s v a l u e s NGRN 73 ( 3 - 1  ) ( 1 - 2 )
(1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )
g . u . g . u . g . u . g . u . g . u .
56 3 3 0 4 . 3 3 3 0 4 . 3 3 2 9 9 . 5 4 . 8 0 . 0
B 37 3 3 45 . 1 3 3 4 4 . 0 3 3 3 9 . 2 5 . 9 1.1
A 37 3 3 3 3 . 0 3 3 3 2 . 4 3 3 2 7 . 6 5 . 4 0 . 6
38 3 3 7 8 . 0 3 377 . 1 3 3 7 2 . 3 5 . 7 0 . 9
48 3 3 8 3 . 3 3 3 8 2 . 8 3 3 7 8 . 0 5 . 3 0 . 5
58 3 2 9 2 . 6 3 2 9 2 . 3 3 2 8 7 . 5 5.1 0 . 3
69 3 4 4 5 . 0 3 4 4 4 . 5 3 4 3 9 . 7 5 . 3 0 . 5
67 3 3 3 4 . 9 33 34 . 1 3 3 2 9 . 3 4 . 6 - 0 . 2
50 3 4 7 7 . 3 3 4 7 6 . 6 3 4 7 1 . 8 5 . 5 0 . 7
79 3 4 6 5 . 7 3 4 6 5 . 5 3 4 6 0 . 7 5 . 0 0 . 2
T a b l e  ( 3 )  : Comp a r i s o n  o f  t h e  l o c a l  base s t a t i o n  v a l u e s  
e s t a b l i s h e d  by Qu r e s h i  ( 1 9 6 1 )  w i t h  t h e  NGRN 73 base 
s t a t i o n  n e t w o r k .  Col umn ( 1 )  r e p r e s e n t s  t h e  v a l u e s  
o r i g i n a l l y  g i v e n  by Q u r e s h i ,  bu t  r e d u c e d  r e l a t i v e  t o  a 
Cambr i dge  Pendu l um House v a l u e  o f  9 8 1 2 6 5 0 . 0  g . u . .  Two
s t a t i o n s  a r e  i n  common w i t h  t h e  new n e t w o r k ,  t h e y  ar e
- 4 1 -
s t a t i o n s  56 and B 3 7 ,  t h e  d i f f e r e n c e  be t ween  t h e s e  
s t a t i o n s  were used as a c o n s t r a i n t ,  when r e c a l c u l a t i n g  t he  
n e t w o r k  v a l u e s  as g i v e n  i n  co l umn ( 2 ) ,  t h e s e  v a l u e s  a r e  
g i v e n  r e l a t i v e  t o  a Cambr i dge  Pendul um House v a l u e  o f
9 8 1 2 6 5 0 . 0  g . u . ,  w h i l e  co l umn ( 3 )  r e p r e s e n t s  t h o s e  v a l u e s  
c o m p a t a b l e  w i t h  t h e  NGRN 73 bu t  r e d u c e d  r e l a t i v e  t o  C . P . H .  
v a l u e  o f  9 8 1 2 5 3 9 . 2  g . u . .  Column ( 4 )  shows t h e  e f f e c t i v e  
d i f f e r e n c e  due t o  c a l i b r a t i o n .  Col umn ( 5 )  r e p r e s e n t s  t h e  
d i f f e r e n c e  be t ween  t he  p u b l i s h e d  v a l u e s  o f  Qu r e s h i  and h i s  
v a l u e s  a f t e t e r  r e - d i s t r i b u t i n g  c l o s u r e  e r r o r s  i n  h i s  
n e t w o r k ,  and u s i n g  t he  d i f f e r e n c e  b e t ween  s t a t i o n s  56 and 
B 37 as c o n s t r a i n t .
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s t a t i o n o r i g i n a l r e c a l  c NGRN73 di  f  f . d i  f  f .
number v a l u e v a l u e new va I ( 1 - 3 ) ( 1 - 2 )
g . u . g . u . g . u . g . u . g . u .
(1 ) ( 2 ) ( 3 ) ( 4 ) ( 5 )
DENNYLOANHEAD 3 3 70 . 5 3 3 7 2 . 8 3 3 6 8 . 0 2 . 5 - 2 . 3
STIRLING 3 4 6 3 . 0 3 4 6 0 . 4 3 4 6 0 . 4 2 . 6 - 2 . 2
CARRONBRIDGE 3 1 0 6 . 0 3 1 0 8 . 2 3 1 0 3 . 4 2 . 6 - 2 . 2
KILSYTH 3 2 3 6 . 8 3 2 3 9 . 0 3 2 3 4 . 2 2 . 6 - 2 . 2
MILTON 3 3 3 1 . 7 3 3 3 3 . 9 3 32 9 . 1 2 . 6 - 2 . 2
GLASGOW UNI V. 3 2 7 6 . 3 3 2 7 8 . 5 3 2 7 3 . 7 2 . 6 - 2 . 2
RENFREW 3334 . 1 3 3 3 6 . 2 3 3 3 1 . 4 2 . 7 - 2 . 1
FINTRY 3 3 0 7 . 4 3 3 0 9 . 4 3 3 0 4 . 6 2 . 6 - 2 . 2
ANNIESLAND 3 3 0 2 . 2 3 3 0 4 . 3 3 2 9 9 . 5 2 . 7 - 2 . 1
T a b l e  ( 4 )  : C o t t o n ' s  ( 1 9 6 8 )  l o c a l  base s t a t i o n  n e t w o r k .
V a l u e s  g i v e n  i n  co l umn ( 1 )  a r e  t h o s e  o r i g i n a l l y  used by 
h i m ,  t h e y  a r e  r e d u c e d  r e l a t i v e  t o  a Cambr i dge  Pendul um 
House v a l u e  o f  9 8 1 2 6 5 0 . 0  g . u . ,  t h e n  by f i x i n g  t he
d i f f e r e n c e  b e t wee n  Denny I o an h ea d  and A n n i e s l a n d  s t a t i o n s ,  
a new v a l u e s  were o b t a i n e d  t o  r e f e r  them t o  t h e  newl y  
a c c e p t e d  v a l u e s ,  b u t  s t i l l  r e f e r r e d  t o  C . P . H .  v a l u e  o f
9 8 1 2 6 5 0 . 0  g . u .  ( c o l u mn  2 ) .  Column ( 3 )  r e p r e s e n t s  new
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v a l u e s  r e f e r e n c e d  t o  t h e  NGRN 73 and r e d uc e d  t o  C . P . H .  
v a l u e  o f  9 8 1 2 5 3 9 . 2  g . u . .  Col umn ( 4 )  shows t h e  a c t u a l
d i f f e r e n c e s  be t ween  t he  o r i g i n a l  v a l u e s  and t h e  NGRN 73 
n e t w o r k .  Col umn ( 5 )  shows t h e  d i f f e r e n c e  be t ween  o r i g i n a l  
base s t a t i o n  v a l u e s  and t h e  r e v i s e d  d i s t r i b u t i o n  o f  t h e  
c l o s u r e  e r r o r s  i n  t h a t  n e t w o r k .
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Dat a : A u t h o r  c o r r e c c t i o n  t o
L o c a l i t y  base v a l u e s  t o
t o  r e f e r  d a t a  t o  NGRN 73 
(NGRN 73 v a l u e  o f  bases  used)  
m i n u s ( p r e - 7 3  v a l u e )  
i n  G r a v i t y  u n i t s
TUSON A r r a n
Tuson ( 1 9 5 8 )  - 1 1 5 . 6
McLean A y r s h i r e  and 
e n v i r o n s
McLean ( 1 9 6 1 ,  1966)  - 1 1 5 . 6
MANSFIELD AND KENNETT 
St  r a n r a e r  B a s i n  
M a n s f i e l d  and K e n n e t t  ( 1 9 6 3 )  - 1 1 3 . 2
QURESHI H i g h l a n d  B o r d e r
Qu r e s h T  ( 1 9 6 1 , 1 9 7 0 )  - 1 1 6 . 1
COTTON Campsi e H i l l s
C o t t o n  ( 1 9 6 8 )  - 1 1 3 . 4
McLEAN F i r t h  o f  C l yde
McLean and Wren ( 1 9 78 )  - 1 1 5 . 6
POWELL A r e a  s o u t h  
FT G i r v a n
P o w e l l  ( 1 9 7 8 )  - 1 1 5 . 6
EL-8ATR0UKH S o u t h e r n  U p l a n d s  
a r o u n d  Loch Doon
E T - M t r o u k h  ( 1 9 7 5 )  - 1 1 3 . 2
IGS Ar e a  a r o u n d  B a t h g a t e
IGS ( 1 9 6 6 - 1 9 6 7 )  - 1 1 6 . 6
AL-SALMAN Lead H i l l s
A l - S a l m a n  ( 1 9 7 4 )  - 1 1 5 . 6
LAGIOS AND HI PKI N E a s t e r n  p a r t s
o f  t h e  M i d l a n d  V a l l e y
L a g i o s  and H i p k i n  ( p e r s . c o m m . ,
1979)  No c o r r e c t i o n s
BOTT AND MASSON-SMITH C r i f f e l l  and D u m f r i e s  
Bo11 and Ma s s o n - S m i t h  (1 960)  -1 1 3 . 2
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PAR SLOW AN D RAND A Lj_ C a i r n s m o r e  o f  F l e e t  
P a r s l o w  ancf R a n J a l l  (1 973)  -1 1 3 . 2
T a b l e  ( 5 )  Summary o f  t h e  s o u r c e  d a t a ,  a r e a ,  and t he  
c o r r e c t i o n  used t o  u p d a t e  base v a l u e s  t o  c o n f o r m t o  NGRN 
73. 1 1 3 figures quoted, above are derived, from IGS
station valuea*
^ -2 . The new s u r v e y s
2 . 2 . 1  D e s c r i p t i o n  o f  t h e  s u r v e y s
A d d i t i o n a l  s u r v e y s  were c a r r i e d  ou t  i n  t h o s e  
p a r t s  o f  t h e  r e g i o n ,  wher e  t h e  c o v e r a g e  o f  g r a v i t y  
s t a t i o n s  was i n a d e q u a t e .  The a r e a s  wher e  o n l y  a few o r  no 
s t a t i o n s  were p r e s e n t  l a y  i n  t h e  f o l l o w i n g  1 / 2 5 0 0 0  
Or dnance  S u r v e y  maps;  NN 50 .  NS 62 ;  NS 6 3 ,  NS 6 4 ,  NS 71 ,  
NS 7 2 ,  NS 7 3 ,  NS 7 4 ,  NS 92 ,  NS 9 3 ,  NS 9 4 ,  and NS 53.
384 new s t a t i o n s  were e s t a b l i s h e d  t o  g i v e  an 
a v e r a g e  d e n s i t y  o f  1 s t a t i o n  p e r  3 . 2  km s q u a r e  o v e r  t he  
r e g i o n  s u r v e y e d .  T h e i r  l o c a t i o n s  a r e  shown on F i g .  3 .  I n  
a d d i t i o n  t o  t h e s e  s e m i - d e t a i  I ed s u r v e y s ,  d e t a i l e d  s u r v e y s  
were c a r r i e d  ou t  a t  s e l e c t e d  p o r t i o n s  o f  t h e  I n c h g o t r i c k  
F a u l t  and t h e  Dusk Wat e r  F a u l t .
Of  t h e  316 new d e t a i l e d  s t a t i o n s  e s t a b l i s h e d ,  142 
s t a t i o n s  were a t  B l a e l o c h h e a d  f a r m near  L u g t o n ,  52
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s t a t i o n s  a t  M i d d l e  C r o f t  f a r m and 88 s t a t i o n s  a t  Hi gh  Dyke 
f a r m on t h e  S t r a t h a v e n - M u i r k i r k  Road.  The l o c a t i o n s  o f  t he  
t r a v e r s e s  a r e  shown on F i g .  3.
D u r i n g  t h e  p e r i o d  o f  t h e  s u r v e y s ,  t h e  a v e r a g e  
d r i f t  o f  t h e  Worden me t e r  was 0 . 1 6  g . u .  p e r  h o u r .  The 
h e i g h t s  o f  t h e  o b s e r v e d  s t a t i o n s  were o b t a i n e d  f r om Bench 
Mark v a l u e s  on t h e  p u b l i s h e d  6 i n c h  o r  1 / 2 5 0 0 0  O. S.  maps.  
Spot  h e i g h t s  were used f o r  154 s t a t i o n s  where l e v e l l i n g  
was i m p r a c t i c a l  and no Bench Marks  were a v a i l a b l e  c l o s e  t o  
t h e  s t a t i o n .
The o b s e r v a t i o n s  ( i n c l u d i n g  t h e  base s t a t i o n s  
us e d )  and s p e c i f i c  d e t a i l s  o f  t h e  r e d u c t i o n  o f  t h e s e  da t a  
t o  Bougue r  a n o m a l i e s  a r e  l o d g e d  i n  t h e  D e p a r t me n t  o f  
G e o l o g y ,  U n i v e r s i t y  o f  G l a s g o w ,  and w i l l  be d e p o s i t e d  w i t h  
Mr .  P e t e r  H o w e l l  o f  A p p l i e d  G e o p h y s i c s  U n i t  o f  IGS.
- 4 7 -
2 . 2 . 2  R e d u c t i o n  o f ,  and e r r o r s  i n ,  t h e  new s u r v e y s
The new r e g i  ona I s u r v e y s
The new s u r v e y s  were r e d u c e d  t o  c o n f o r m t o  NGRN 
73 and t o  IGF 67 .  Bouguer  c o r r e c t i o n s  were c a l c u l a t e d  
u s i n g  t h e  f o r m a t i o n  at  t he  s u r f a c e  g e n e r a l i s e d  on 4 x 4 km 
g r i d  t o  r e p r e s e n t  t he  r o c k s  be t wee n  t h e  s t a t i o n  h e i g h t  and 
t he  d a t u m ,  t h u s  r e d u c i n g  t h e  e r r o r s  wh i c h  wou l d  a r i s e  f r om 
t h e  use o f  a u n i f o r m  d e n s i t y  o v e r  t h e  who l e  s u r v e y  a r ea  
and i n t e g r a t i n g  w i t h  t e r r a i n  c o r r e c t i o n  c a l c u l a t i o n  u s i n g  
some g r i d d e d  t o p o g r a p h y  /  d e n s i t y  d a t a .  The d e n s i t y  v a l u e s  
used are  t h o s e  g i v e n  by McLean (1961 b ) ,  and t he  d e n s i t y
used f o r  t h e  4 x 4 km g r i d  b l o c k  c o r r e s p o n d i n g  t o  each
s t a t i o n  i s  l i s t e d  on t h e  r e d u c t i o n  s h e e t s ,  o r
c o r r e s p o n d i n g  c o mp u t e r  o u t p u t .
I n  a d d i t i o n  t o  t h e  above s t a n d a r d  r e d u c t i o n s  o f  
t h e  o b s e r v a t i o n s ,  c o r r e c t i o n s  a r e  made t o  a l l  s t a t i o n s  f o r  
t e r r a i n  e f f e c t s  t o  Zone M. The a v e r a g e  v a l u e  o f  t h e s e  
c o r r e c t i o n s  i s  5 . 0 9  g . u . ,  30 s t a t i o n s  have t e r r a i n  e f f e c t s  
e x c e e d i n g  10 g . u . ,  most  o f  t h e s e  ar e  i n  t h e  mo u n t a i n o u s  
r e g i o n  o f  t h e  S o u t h e r n  U p l a n d s .
E r r o r s  i  n Bo u gu e r  a n o m a l i e s  o f  t h e  new s u r v e y s
The e r r o r s  i n  a Bougue r  anomal y  v a l u e  w i t h
r e s p e c t  t o  t h e  base s t a t i o n  can be i t e m i z e d  as
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( 1 )  e r r o r s  w i t h i n  t he  3ase S t a t i o n  Ne t wo r k  ( F i g .
4)  a r e  d e s c r i b e d  i n  page ( 3 3 ) .  The l a r g e s t  c l o s u r e  e r r o r  
i s  1 . 9  g . u . ,  and t h e  R. M. S.  c l o s u r e  e r r o r  i s  0 . 1  g . u .  w i t h  
an S. D.  o f  0 . 4 7  g . u . .  These e r r o r s  have been d i s t r i b u t e d  
among base s t a t i o n s .
( 2 )  e r r o r s  i n  o b s e r v e d  g r a v i t y  w i t h  r e s p e c t  t o  
t h e  base f r om wh i c h  i t  was me a s u r e d .  A s t a n d a r d  e r r o r  o f  
0 . 7  g . u .  has been c a l c u l a t e d  f r o m 40 r e p e a t  r e a d i n g s  at  
s e l e c t e d  s t a t i o n s  c o v e r i n g  t h e  a r ea  o f  t h e  new s u r v e y .
( 3 )  e r r o r  o f  r e d u c t i o n ;
( a )  a r i s i n g  f r om an i n e x a c t  d e t e r m i n a t i o n  o f  t he  
c o o r d i n a t e s  o f  a s t a t i o n ,  and t h e  c o r r e s p o n d i n g  v a l u e  o f  
t h e o r e t i c a l  g r a v i t y  i s  n o t  l i k e l y  t o  exceed  0 . 1  g . u . .
( b )  a r i s i n g  f r om i n e x a c t  d e t e r m i n a t i o n  o f  t he  
e l e v a t i o n  o f  a s t a t i o n ,  e s p e c i a l l y  i f  t h e r e  i s  no Bench 
Mark a v a i l a b l e  i . e .  t h e  h e i g h t  i s  o b t a i n e d  f r om a spo t  
h e i g h t  ( g i v e n  t o  n e a r e s t  15 cm) may p r o d u c e  an e r r o r  u p t o  
0 . 1 5  g . u . ;  w h i l e  i f  t h e r e  i s  Bench Mark t h e  e r r o r  i s  not  
l i k e l y  t o  exceed  0 . 1  g . u . .
( c )  a r i s i n g  f r o m an e r r o r  i n  t h e  near  s u r f a c e
d e n s i t y  v a l u e  used t o  make t h e  Bougue r  c o r r e c t i o n ,  i s  t he
p r i n c i p a l  s o u r c e  o f  e r r o r  i n  t h e  Bouguer  a n o m a l i e s .  For
-3
exampl e  an e r r o r  o f  20 kg m i n  d e n s i t y  w i l l  p r o d u c e  an 
e r r o r  o f  4 . 4  g . u .  ( f o r  a s t a t i o n  h e i g h t  o f  0 . 5 1 b  km above 
datum wh i c h  i s  t h e  maximum s t a t i o n  h e i g h t  i n  t h e  s u r v e y e d
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a r e a )  i n  t h e  Bougue r  r e d u c t i o n ,  and hence i n  t h e  Bougue r  
a n o ma l y .  T h i s  s i t u a t i o n ,  h o w e v e r ,  i s  h i g h l y  u n l i k e l y  t o  
a r i s e ,  as e r r o r s  o f  t h i s  m a g n i t u d e  i n  t h e  f o r m a t i o n  
d e n s i t i e s  a r e  u n l i k e l y  i n  t h e  a r e a  s u r v e y e d .
( d )  a r i s i n g  f r om mak i ng  t h e  t e r r a i n  c o r r e c t i o n  
are  l i k e l y  t o  be 1 . 0  g . u . .
The e r r o r s  i n  a Bo u gue r  anoma l y  v a l u e  a r e ,  
t h e r e f o r e ,  as f o l l o w s  w i t h  r e s p e c t  t o  NGRN 73 n e t w o r k :  
s t a n d a r d  e r r o r
0 . 1  g . u .  t h e o r e t i c a l  g r a v i t y
0 . 1 5  g . u .  e l e v a t i o n  c o r r e c t i o n  e r r o r
1 . 0 0  g . u .  t e r r a i n  c o r r e c t i o n  e r r o r
The maximum l i k e l y  e r r o r  i s  1 . 2 5  g . u .  f r o m 
above e r r o r s .
The p r o b a b l e  e r r o r  o f  t h e  c o m b i n a t i o n  o f  
above e r r o r s  i s  0 . 6 8  g . u .
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The new l o c a l  s u r v e y s  a c r o s s  t h e  NE /  S_W f a u l t s  ( see F i g . 3 
f o r  l o c a t i o n )
New d e t a i l e d  g r a v i t y  ( and m a g n e t i c )  s u r v e y s  were 
made at  s e l e c t e d  l o c a l i t i e s  a c r o s s  t h e  NE /  SW f a u l t s  
m a i n l y  i n  t h e  hope o f  p i n - p o i n t i n g  changes  o f  t h i c k n e s s  o f  
C l y d e  P l a t e a u  Lavas  a c r o s s  t he m.
( a )  At  Hi gh  Dyke ,  p r o f i l e s  were chosen  a c r o s s  t he  
o u t c r o p s  o f  t h e  C l y d e  P l a t e a u  Lavas  and o f  t h e  Upper  
S i l u r i a n  o f  t h e  Lesmahagow I n l i e r  where g e o l o g i c a l  c o n t r o l  
on i n t e r p r e t a t i o n  i s  b e s t .  The Sougue r  a n o m a l i e s  a re  
r f e r r e d  t o  Mean Sea L e v e l  a t  N e w l y n .  L a t i t u d e  c o r r e c t i o n s  
a r e  made u s i n g  t he  l i n e a r  f o r m u l a
dg = 0 . 081  s i n  ( 2 0 )  g . u .  p e r  10 m ( N-  
S ) ;  and t e r r a i n  c o r r e c t i o n s  t o  i n d i v i d u a l  s t a t i o n s  are  
c a r r i e d  o u t  t o  Zone G. n e a r  s u r f a c e  d e n s i t i e s  used f o r  
t h e  r e d u c t i o n  o f  t h e  o b s e r v e d  g r a v i t y  r e a d i n g s  ar e  l i s t e d  
i n  t h e  r e d u c t i o n  s h e e t s ,  ( s e v e r a l  d e n s i t y  d i s t r i b u t i o n s  
were a p p l i e d ,  i n  t he  a t t e m p t  t o  a c h i e v e  most  l i k e l y  
d e n s i t i e s  f o r  t h e  n e a r  s u r f a c e  d e n s i t y ) .
The s t a n d a r d  e r r o r  f o r  a t i e  be t ween  t he  l o c a l  
base and a s t a t i o n  i s  0 . 7 4  g . u .  c a l c u l a t e d  f r om 14 
r e p e a t s .
( b )  At  Hol ms and M i d d l e  C r o f t  f a r m s ,  Bouguer
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a n o m a l i e s  a r e  r e f e r r e d  t o  Mean Sea L e v e l  a t  N e w l y n .  
L a t i t u d e  c o r r e c t i o n s  a r e  made u s i n g  t h e  same l i n e a r  
f o r m u l a  i n  ( a ) ,  and t e r r a i n  c o r r e c t i o n s  t o  i n d i v i d u a l
s t a t i o n s  a r e  as i n  ( a ) .  D e n s i t i e s  used f o r  t h e  r e d u c t i o n
o f  t h e  o b s e r v e d  g r a v i t y  r e a d i n g s  a r e  l i s t e d  i n  t h e  
c o r r e s p o n d i n g  r e d u c t i o n  s h e e t s ,  and a r e  o b t a i n e d  f r om t he  
4 x 4 km b l o c k s  used i n  t h e  t e r r a i n  c o r r e c t i o n  p r o g r a m .
The s t a n d a r d  e r r o r  f o r  a t i e  be t wee n  t h e  l o c a l
base and a s t a t i o n  i s  0 . 6 5  g . u .  c a l c u l a t e d  f r o m 7
r e p e a t s .
( c )  At  B l a e l o c h h e a d  f a r m t h e  Bougue r  a n o m a l i e s
a r e  r e f e r r e d  t o  a l o c a l  datum o f  0 . 1 0  km (300 f e e t )
above Mean Sea L e v e l  a t  N e w l y n .  D e n s i t i e s  used f o r  t he
r e d u c t i o n s  a r e  2730 kg m ^ f o r  s t a t i o n s  on t h e  l a v a  o u t c r o p ,  
and 2670 kg m f o r  s t a t i o n s  on t h e  Lower  L i m e s t o n e  Group 
o u t c r o p .  L a t i t u d e  and T e r r a i n  c o r r e c t i o n s  a r e  as f o r  ( a ) .
The s t a n d a r d  e r r o r  f o r  a t i e  b e t wee n  t h e  l o c a l
base and a s t a t i o n  i s  0 . 1 4  g . u .  c a l c u l a t e d  f r o m 19
r e p e a t s .
The r e s u l t s  o f  t h e s e  d e t a i l e d  s u r v e y s  ar e  no t
a n a l y s e d  f u l l y  as t h e  o r i g i n a l  a i ms and a p p r o a c h e s  were 
m o d i f i e d  as r e s e a r c h  p r o c e e d e d .  V a l u e s  a r e  i n c o r p o r a t e d
i n t o  t h e  r e g i o n a l  maps,  and f o r  t h e  sake o f  c o m p l e t e n e s s  
t h e y  a r e  m e n t i o n e d  h e r e .  The d a t a  a r e  l od ge d  i n  t he
Ge o l og y  D e p a r t m e n t ,  U n i v e r s i t y  o f  G l a s g ow.
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CHAPTER 3
2 -  ANALYSIS 0£  THE REGIONAL GRAVITY FIELD
2 * 1  ^ ^ e r e g i o n a l  g r a v i t y  map
The r e g i o n a l  Bouguer  anoma l y  map ( F i g .  5)  c o v e r s  
t h e  w e s t e r n  M i d l a n d  V a l l e y  o f  S c o t l a n d ,  t h e  F i r t h  Of 
C l y d e ,  t h e  n o r t h - w e s t e r n  f r i n g e  o f  t h e  S o u t h e r n  Up l a n d s  
and t h e  b o r d e r  o f  t h e  H i g h l a n d s ,  a r o u n d  Loch Lomond.
The s t a t i o n  d e n s i t y  i s  on a v e r a g e  1 s t a t i o n  per
2 . 7  km. The s o u r c e s  o f  t h e  d a t a  a r e  l i s t e d  i n  T a b l e  5 and
t h e  l o c a t i o n s  o f  i n d i v i d u a l  s u r v e y s  a r e  shown on F i g . 3 .
The d a t a  a r e  p r o c e s s e d  as d e s c r i b e d  i n  s e c t i o n
2 . 1 . 2  r e d u c t i o n s  t o  Bouguer  a n o m a l i e s  a r e  o f  two t y p e .  I n  
t h e  f i r s t ,  t h e  Bougue r  anoma l y  v a l u e s  a r e  o b t a i n e d  u s i n g  
an a v e r a g e  n e a r - s u r f a c e  d e n s i t y  f o r  Bou gu e r  r e d u c t i o n  and 
h e n c e ,  an a v e r a g e  e l e v a t i o n  f a c t o r .  I n  t h e  s e c o n d ,  t he  
e l e v a t i o n  f a c t o r  has been v a r i e d  t o  c o r r e s p o n d  t o  t he  
a c t u a l  d e n s i t y  o f  t h e  f o r m a t i o n  c r o p p i n g  o u t .  I n  t he  
s o u t h - w e s t e r n  b o r d e r  o f  t h e  H i g h l a n d s ,  an e l e v a t i o n  f a c t o r
-3
c o r r e s p o n d i n g  t o  an a v e r a g e  d e n s i t y  o f  2670 kg m was
e mp l oyed  t o  r e d u c e  t h e  o b s e r v e d  g r a v i t y  t o  t h e  Newl yn
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d a t u m.
The p r o b a b l e  e r r o r  o f  a Bo ugu er  anomal y  i s  + 2 . 0
g . u .  f o r  most  s t a t i o n s  bu t  f o r  some s t a t i o n s  on h i g h  
g r o u n d ,  e s p e c i a l l y  o v e r  t h e  o u t c r o p s  o f  t h e  Upper  Ol d  Red 
Sa n d s t o n e  and t h e  C l yde  P l a t e a u  L a v a s ;  i t  may be as h i g h  
as 2 0 . 0  g . u .  ( Q u r e s h i ,  19 70 ,  486)  because  o f  t h e  e r r o r  i n  
n e a r - s u r f a c e  d e n s i t y  where an a v e r a g e  i s  u s e d .  An
e l e v a t i o n  o f  0 . 4  km above Newl yn  datum o f  a s t a t i o n  on
C l y d e  P l a t e a u  Lavas  ( r e a l  d e n s i t y  2720 kg m ; assumed
a v e r a g e  2670 kg m ) w i l l  p r o d u c e  an e r r o r  i n  r e d u c t i o n  o f  
- 8 . 4  g . u . ,  and a s t a t i o n  e l e v a t i o n  o f  0 . 1  km above Newl yn
dat um o v e r  t h e  Upper  Ol d Red Sa n d s t o n e  o u t c r o p s  g i v e s  r i s e  
t o  an e r r o r  i n  r e d u c t i o n  o f  -  1 2 . 6  g . u .
I n  s o u t h  A y r s h i r e  and i n  t h e  Lesmahagow I n l i e r ,  
wher e  t h e r e  i s  a w i d e  r ange  o f  f o r m a t i o n  d e n s i t i e s
( McLean ,  1961 a ) ,  t h e  r e g i o n  i s  d i v i d e d  i n t o  a r eas
c o r r e s p o n d i n g  t o  t h e  mai n o u t c r o p s .  An a p p r o p r i a t e  
e l e v a t i o n  f a c t o r  i s  used f o r  each ( Mc L ea n ,  1966 ,  243,
2 7 0 ) .  As t h e  l a n d  i n  t h i s  r e g i o n  r i s e s  t o  o v e r  0 . 3  km
above Newl yn  datum i n  p l a c e s ,  t h e  use o f  s e v e r a l  d i s c r e t e  
n e a r - s u r f a c e  d e n s i t i e s  g i v e s  s y s t e m a t i c  e r r o r s  o f
r e d u c t i o n  a t  g e n t l y - d i p p i n g  f o r m a t i o n  b o u n d a r i e s  where t h e  
s u r f a c e  r o c k s  do n o t  e x t e n d  down t o  s e a - l e v e l .  I n  t h e  
Bougue r  anoma l y  map ( F i g .  5)  i s o g a l s  a r e  j o i n e d  a c r o s s  t h e  
m a r g i n s  o f  t h e s e  a r e a s  t o  g i v e  a r e p r e s e n t  a t  i o n
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e q u i v a l e n t  t o  a c o n t i n u o u s  l a t e r a l  change i n  t h e  d e n s i t y  
o f  t h e  r o c k s  above O.D.  N e w l y n .  The maximum e r r o r  i n  a 
Bouguer  anoma l y  i n  t h i s  p a r t  o f  t h e  a r e a ,  due t o  
i n a c c u r a c y  i n  d e t e r m i n i n g  t h e  f o r m a t i o n  d e n s i t i e s  i s  a t  
most  5 g . u .  Con e l e v a t e d  s t a t i o n s  i n  t h e  S o u t h e r n  
U p l a n d s ) .  Over  most  o f  t h e  r e g i o n  i t  i s  much l e s s .
Ar ound  B a t h g a t e  ( H o s s a i n ,  1976)  t h e  Bouguer  
anoma l y  v a l u e s  a r e  o b t a i n e d  by e m p l o y i n g  v a r i a b l e  
e l e v a t i o n  f a c t o r s  c o r r e s p o n d i n g  t o  each b l o c k  o f  a r ea  4 x 
4 km .
I n  t h e  a r ea  o f  t h e  F i r t h  o f  C l y d e ,  t h e  Bouguer  
a n o m a l i e s  r e p r e s e n t  v a l u e s  c o r r e c t e d  t o  Mean Sea L e v e l  
( Ne w l y n  d a t u m ) ,  by r e p l a c i n g  t h e  w a t e r  d e p t h s  by m a t e r i a l  
o f  d e n s i t y  2500 kg m . The use o f  an i n f i l l  d e n s i t y  o f  
2500 kg m may p r o d u c e  a s p u r i o u s  a n oma l y  o f  up t o  9 g . u . ,
i n  e x t r e me  cases  where e i t h e r  New Red Sa n d s t o n e  ( d e n s i t y
“3 -3
2250 kg m ) o r  Lower  P a l a e o z o i c  r o c k s  ( d e n s i t y  2720 kg m) 
c r o p  o u t  o v e r  a w i de  a r ea  o f  t h e  sea f l o o r ,  and t he 
s t a t i o n  d e p t h  i s  a t  -  0 . 1  km (McLean and Wren,  1 9 78 ,  9,
1 0 ).
I n  A r r a n  t h e  Bougue r  anoma l y  v a l u e s  c a l c u l a t e d  by 
Tuson ( 1 9 5 9 )  may be s y s t e m a t i c a l l y  2 . 6  g . u .  t o o  l ow 
r e l a t i v e  t o  t h e  a d j a c e n t  F i r t h  o f  C l y d e  ma r i n e  a n o m a l i e s .  
The A r r a n  s u r v e y  was l i n k e d  t o  Cambr i dge  Pendul um House 
v i a  t h e  K i l m a r n o c k  base s t a t i o n  (A 43)  e s t a b l i s h e d  By
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B u l l e r w e l l  and P h e m i s t e r ,  and an o l d e r  v a l u e  was 
a c c e p t e d .
3 . 1 . 1  The r e l a t i o n s h i p  o f  t h e  Bougue r  a n o m a l i e s  t o  t he  
known g e o l o g y
Co mpa r i s on  o f  t h e  l a r g e r  g r a v i t y  a n o m a l i e s  w i t h  
known g e o l o g i c a l  s t r u c t u r e s  shows
( i )  a c l o s e  r e l a t i o n s h i p  be t ween  h i g h  v a l u e s  o f  g r a v i t y  
and o u t c r o p s  o f  C l y d e  P l a t e a u  Lavas  i n  t h e  Camps i es  a*\r* i n  
R e n f r e w s h i  r e ;
( i i )  a c l o s e  r e l a t i o n s h i p  be t ween  l ow v a l u e s  and t he  
C a r b o n i f e r o u s  b a s i n s  e . g .  t o  t h e  n o r t h  o f  B a t h g a t e  
( S t i r l i n g s h i r e  C o a l f i e l d )  and i n  Sou t h  A y r s h i r e ;
( i i i )  s t e e p  g r a d i e n t s  t o w a r d s  t h e  Upper  P a l a e o z o i c  r o c k s  
o f  t h e  M i d l a n d  V a l l e y  a c r o s s  t h e  S o u t h e r n  Up l a n d s  and 
H i g h l a n d  B o u n d a r y  F a u l t s ;
The c o r r e l a t i o n s  a r e  a l l  c o n s i s t e n t  w i t h  t h e  d i s t r i b u t i o n  
o f  d e n s i t y  d e t e r m i n e d  by s a m p l i n g  f o r m a t i o n s  ( p .  3 8 ) .
I n  c o n t r a s t ,  m a j o r  a n o m a l i e s  wh i ch  c a n no t  be 
e x p l a i n e d  by v i s i b l e  s t r u c t u r e s  a t  t he  s u r f a c e  are
(a)  a r e g i o n a l  i n c r e a s e  i n  v a l u e s  f r om t he  r e g i o n s
- 5 6 -
b o u n d i n g  t h e  r i f t  ( s o u t h e r n  H i g h l a n d s  and n o r t h e r n  
S o u t h e r n  U p l a n d s )  t o w a r d s  t h e  a x i a l  zo n e ;
( b )  a n e a r - c i r c u l a r  h i g h  c e n t r e d  a r o u n d  B a t h g a t e ,  t h a t  i s  
on t h e  e a s t e r n  f l a n k  o f  a m a j o r  C a r b o n i f e r o u s  s y n c l i n e s ;
( c )  a p r o n o u n c e d  low near  H a m i l t o n  ( w i t h i n  t h e  s o u t h ­
w e s t e r n  p a r t  o f  t h e  C e n t r a l  C o a l f i e l d ) ,  wh i c h  has an 
a m p l i t u d e  s i g n i f i c a n t l y  g r e a t e r  t h a n  can be a t t r i b u t e d  t o  
t h e  known t h i c k n e s s  o f  C a r b o n i f e r o u s  r o c k s  i n  t h e  
sync l i n e ;
( d )  an a r ea  o f  l ow g r a d i e n t s  be t ween  t h e  I n c h g o t r i c k  and 
Dusk Wat er  F a u l t s  i n  n o r t h  A y r s h i r e  w h i c h  b e a r s  no o b v i o u s  
r e l a t i o n s h i p  t o  t h e  o u t c r o p s  o f  t h e  K i l m a r n o c k  b a s i n .
The r e g i o n a l  h i g h  ( a )  has been p a r t i a l l y  
d e s c r i b e d  by McLean and Qu r e s h i  ( 1 9 6 6 )  who a t t r i b u t e d  i t s  
e x i s t e n c e  t o  t h e  c r u s t a l  s t r u c t u r e  o f  t h e  g r a b e n  and 
r e l a t e d  c r u s t a l  t h i n n i n g  ( p .  2 7 8 ) .  L a t e r  s u r v e y s  i n  t h e  
S o u t h e r n  U p l a n d s  ( E l - B a t r o u k h ,  1975)  c o n f i r m  and e x t e n d  
t h i s  p a t t e r n  i n  w e s t e r n  S c o t l a n d .  Comp a r ab l e  r e g i o n a l  
g r a d i e n t s  have been mapped by L a g i o s  and H i p k i n  ( 1 9 7 9 ) ,  
b u t  i n t e r p r e t e d  as o n l y  p a r t l y  due t o  c r u s t a l  t h i n n i n g .  
T h e i r  a n a l y s i s  i s  t h a t  t he  g r a d i e n t s  a r e  o f  a m a g n i t u d e  
r e q u i r i n g  an a d d i t i o n a l  s o u r c e  -  i n f e r e n t i a  I l y  a g r a n i t e  
o l u t o n  i n  t h e  S o u t h e r n  Up l a nds  B l o c k .  Recent  r e s u l t s  
o b t a i n e d  by t h e  LISP3 ( Ba mf o r d  s t  a I . ,  1 977)  s e i s m i c -  
r e f r a c t i o n  e x p e r i m e n t  have i n d i c a t e d  t h e  e x i s t e n c e  o f
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c r u s t a l  s t r u c t u r e  b r o a d l y  s i m i l a r  t o  t h a t  i n f e r r e d  by 
McLean and Qu r e s h i  ( 1 9 6 6 ) .
The B a t h g a t e  h i g h  (b)  was exami ned  and a n a l y s e d  
by H o s s a i n  ( 1 9 7 6 )  who showed t h a t  t h i s  g r a v i t y  h i g h  can be 
s a t i s f i e d  by two g e o l o g i c a l  i n t e r p r e t a t i o n s .  The f i r s t  i s  
a b l o c k  o f  C a r b o n i f e r o u s  b a s a l t s  o f  t h i c k n e s s  4 . 5  km l y i n g  
i m m e d i a t e l y  u n d e r  t h e  C a r b o n i f e r o u s  L i m e s t o n e  S e r i e s .  The 
Second i n t e r p r e t a t i o n  i s  a d e e p e r  i n t r u s i o n  i n t o  t he  
c r y s t a l l i n e  r o c k s  o f  t h e  Lower  C r u s t  w i t h  a d e n s i t y
-3
c o n t r a s t  o f  + 450 kg m r e l a t i v e  t o  t h e  c o u n t r y - r o c k s . The 
d e n s i t y  s u g g e s t s  u l t r a - b a s i c  c o m p o s i t i o n .
The H a m i l t o n  low has n e v e r  been f u l l y  a n a l y s e d  
q u a n t i t a t i v e l y ,  i n  t e r ms  o f  t h e  g r a v i t y  e f f e c t s  o f  known 
g e o l o g y ,  and t h i s  i s  done l a t e r .
The d i s t i c t i v e  zone o f  l ow g r a d i e n t s  i n  n o r t h  
A y r s h i r e  ( d )  was d i s c u s s e d  by McLean ( 1 9 6 6 ,  261)  who 
s u g g e s t e d  t h a t  t he  most  l i k e l y  e x p l a n a t i o n  f o r  t h e  l a c k  o f  
a marked f a u l t  s t e p  g r a d i e n t s  a c r o s s  t h e  I n c h g o t r i c k  and 
Dusk Wat er  F a u l t s  was t h a t  changes  i n  anoma l y  v a l u e  
p r o d u c e d  by t h e  s t e p  i n  t h e  s t r a t a  a r e  l a r g e l y  c o u n t e r ­
b a l a n c e d  by v a r i a t i o n s  i n  t he  t h i c k n e s s  o f  Ct yde  P l a t e a u  
L a v a s .  The e v i d e n c e  a v a i l a b l e  d i d  n o t ,  h o w e v e r ,  a l l o w  a 
f i r m  c o n c l u s i o n  t o  be d r a wn .
The ma j o r  a n o m a l i e s  p r e s e n t  i n  t h e  F i r t h  o f  C l yde  
r e g i o n ,  have been d e s c r i b e d  by McLean and Wren ( 1 9 7 8 ) .
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They i n c l u d e  a ma j o r  h i g h  r e l a t e d  t o  t he  T e r t i a r y  i g n e o u s  
C e n t r e  o f  A r r a n .  F l a n k i n g  l ows t o  t h e  n o r t h - e a s t  and
s o u t h - w e s t  o f  A r r a n  are i n t e r p r e t e d  as f a u l t - b o u n d e d  
t r o u g h s  i n f i l l e d  w i t h  New Red S a n d s t o n e .  T h i s  
i n t e r p r e t a t i o n  i s  s u p p o r t e d  and c o n f i r m e d  by o t h e r  w o r k ,  
i n c l u d i n g  a s e i s m i c  r e f r a c t i o n  s u r v e y ,  s h a l l o w  s e i s m i c -  
r e f l e c t i o n  p r o f i l i n g ,  and b o r i n g .  G e o l o g i c a l  c o n t r o l  on 
i n t e r p r e t a t i o n  o f  t h i s  s e a - a r e a  i s  much l e s s  t h a n  i s
a v a i l a b l e  i n  t h e  r e s t  o f  t h e  r e g i o n  shown i n  t h e  map ( F i g .  
5)  and f o r  t h a t  r e a s on  t h e  F i r t h  a n o m a l i e s  a r e  no t
c o n s i d e r e d  f u r t h e r  i n  a n a l y s i n g  t h e  d e e p e r  s t r u c t u r e  o f  
t h e  g r a b e n .
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—• L  So u r c es  and component s  o f  t h e  t o t a l  g r a v i  t y  f i e l d
3 . 2 . 1  G e n e r a l  d i s c c u s s i o n
The I n t e r n a t i o n a l  G r a v i t y  Fo r mu l a  1967 g i v e s  
v a l u e s  o f  t h e  t h e o r e t i c a l  g r a v i t y  s t  t h e  s u r f a c e  o f  an 
e l l i p s o i d  f o r me d  o f  c o n c e n t r i c  d e n s i t y - s h e l l s .  Any
v a r i a t i o n  o f  s t r u c t u r e  i n  t h e  r e a l  E a r t h  f r om t h i s  
h o r i z o n t a l  d e n s i t y - 1  a y e r i n g  wou l d  p r o d u c e  a g r a v i t y
anomal y  w i t h  r e s p e c t  t o  t h e  v a l u e s  o f  IGF 67 a t  a s t a t i o n .  
Each and e v e r y  s t r u c t u r a l  anoma l y  w i t h  r e s p e c t  t o  
h o r i z o n t a l  l a y e r i n g  a f f e c t s  t h e  v a l u e  o f  g r a v i t y ,  t h a t  i s  
t h e  m a g n i t u d e  o f  t h e  g r a v i t y  anoma l y  a t  t h e  s t a t i o n .  As a 
r e s u l t .  t h e  ma j o r  p r o b l e m i n  i n t e r p r e t i n g  g r a v i t y
a n o m a l i e s  i n  t e r ms  o f  s u b - s u r f a c e  s t r u c t u r e  i s  how t o  
r e s o l v e  t h e  t o t a l  anomal y  i n t o  c o m p o n e n t s ,  each r e l a t e d  t o  
a p a r t i c u l a r  s t r u c t u r e  and t h e  p l a n e  o f  d e n s i t y - c o n t r a s t  
i t  d e f o r m s .  I f  a l o g i c a l  b a s i s  f o r  t h i s  r e s o l u t i o n  can be 
f o u n d ,  t h e  n e x t  i n t e r p r e t a t i o n a I  s t e p  o f  i n v e r t i n g  t he  
g r a v i t y  anoma l y  t o  d e f i n e  s t r u c t u r e  i s  u s u a l l y  a 
c o m p a r a t i v e l y  s t r a i g h t - f o r w a r d  m a t h e m a t i c a l  o p e r a t i o n .
The p r i n c i p l e s  and met hods  by wh i c h  t h e  t o t a l  
f i e l d  may be r e s o l v e d  i n t o  component s  a r e
( i )  h a r mo n i c  a n a l y s i s  o f  t h e  t o t a l  f i e l d ,  comb i ned  w i t h  
f i l t e r i n g  and w i t h  t h e o r y  wh i c h  l i n k s ,  f o r  e x a m p l e ,  t h e
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l i m i t i n g  d e p t h  o f  t h e  g r a v i t a t i n g  s o u r c e  t o  some p a r a m e t e r  
such as t h e  second v e r t i c a l  d e r i v a t i v e  o f  g r a v i t y .
( i i )  s u r f a c e  f i t t i n g ,  where a p o l y n o m i a l  o f  c e r t a i n  d e g r e e  
i s  c a l c u l a t e d  t o  be t h e  b e s t - f i t  s u r f a c e  t o  t he  t o t a l  
f i e l d .  On l y  h i g h e r  f r e q u e n c y  c o m p o n e n t s ,  p r o d u c e d  by 
s h a l l o w e r  s o u r c e s  r ema i n  as l o c a l  a n o m a l i e s  a f t e r  t h i s  
s u r f a c e  i s  s u b t r a c t e d  f r om t he  t o t a l  f i e l d .
( i i i )  s t r i p p i n g  t h e  e f f e c t s  o f  known componen t s  f r om t h e  
t o t a l  f i e l d ,  t o  l e a v e  one o r  more r e s i d u a l  c o mp o n e n t s .  The 
known component s  a r e  d e r i v e d  i n d e p e n d e n t l y  o f  t h e  g r a v i t y  
s u r v e y ,  f o r  e x a mp l e ,  f r om deep b o r e s ,  f r o m m i n i n g ,  f r o m a 
g e o l o g i c a l  s u r v e y ,  o r  f r om t he  i n t e r p r e t a i o n  o f  s e s m i c ,  
m a g n e t i c ,  o r  o t h e r  g e o p h y s i c a l  s u r v e y s .
The f i r s t  and t o  some e x t e n t  t h e  s e c o n d ,  
a p p r o a c h e s  t o  r e s o l u t i o n ,  may be c a r r i e d  ou t  w i t h  
m a t h e m a t i c a l  e l e g a n c e ,  bu t  a r e  i n e f f e c t u a l  i n  many r e a l ,  
c omp l ex  c a s e s .  The c o n t r i b u t i o n s ,  o r  s i g n a l s ,  f r o m 
d i f f e r e n t  i n t e r f a c e s  may o v e r l a p  i n  w a v e - l e n g t h  t o  an 
e x t e n t  w h i c h  makes t h e  t a s k  o f  s e p a r a t i n g  component s  f r om 
d i f f e r e n t  d e p t h s  i n c o m p l e t e ,  o r  even i m p o s s i b l e .  For  
e xampl e  i t  wou l d  no t  be p o s s i b l e  i n  t h e  a r e a  s t u d i e d  t o  
d i s t i n g u i s h  s h a r p l y  on t h e s e  c r i t e r i a  b e t ween  a n o m a l i e s  
e m a n a t i n g  f r om t h e  Moho,  ( w h i c h  a r e  p r o d u c e d  by t h e  
c r u s t a l  s t r u c t u r e  o f  t he  g r a b e n ) ,  and a n o m a l i e s  p r o d u c e d  
by r e g i o n a l  changes  o f  t h i c k n e s s  o f  Ol d Red Sa n d s t o n e
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w i t h i n  t h e  g r a b e n .
The e f f e c t i v e n e s s  o f  t h e  t h i r d ,  and t o  some
e x t e n t  o f  t h e  second me t ho d ,  depends  on t he  a v a i l a b i l i t y  
o f  s u f f i c i e n t  i n f o r m a t i o n  abou t  s t r u c t u r e  f r om o t h e r  t y p e s
o f  g e o p h y s i c a l  s u r v e y s  o r  f r o m g e o l o g i c a l  s o u r c e s .  I n
p r a c t i c e  t h e  p r o c e d u r e  may a c h i e v e  no more t h a n  a
s i m p l i f i c a t i o n  o f  t h e  p r o b l e m by r e m o v i n g  t h e  e f f e c t s  o f  
t h e  s h a l l o w e r  l a y e r s ,  and l i m i t i n g  a m b i g u i t y  i n  t h e
i n t e r p r e t a t i o n  t o  t h e  n a t u r e  o f  t h e  d e e p e r  masses r e q u i r e d  
t o  p r o d u c e  t h e  r e s i d u a l  f i e l d .
I n  t he  w e s t e r n  M i d l a n d  V a l l e y  i n t e n s i v e
g e o l o g i c a l  i n v e s t i g a t i o n ,  a s s i s t e d  by m i n i n g  and some deep
b o r e - h o l e s  p r o v i d e s  f a i r l y  good g e o l o g i c a l  k n o wl e dg e  o f
,(.See p67)
t h e  s t r a t a  as deep as t h e  H u r l e t  L i m e s t o n e  h o r i z o n ,  and 
s a t i s f a c t o r y  c o n t r o l  f o r  s t r i p p i n g  t h e  s u p r a - H u r l e t
c o mp o n e n t .  Be l ow t h e  H u r l e t  l e v e l ,  h o w e v e r ,  kn o w l e d g e  o f  
t h e  m a j o r  f o r m a t i o n s  i s  a t  b e s t  p a r t i a l ;  even k n o wl e dg e  o f  
r e g i o n a l  changes  o f  t h i c k n e s s e s .  Any c o n c l u s i o n s  abou t  t h e  
o r d e r  o f  t h i c k n e s s  o f  Ol d Red Sa n ds t o n e  ( s e e ,  f o r
e a x a m p l e ,  B l u c k ,  1978 ,  2 5 1 - 2 6 3 )  n e a r  t h e  c e n t r e  o f  t h e
g r a b e n  are based on o b s e r v a t i o n s  n e a r  t h e  m a r g i n s ,  and on 
t e n t a t i v e  pa I e o g e o g r a p h i c  r e c o n s t r u c t i o n s .  The mode l s  o f
Ol d  Red Sa n d s t o n e  d e v e l o p me n t  i n  t h e  g r a b e n  l a c k
c o n f i r m a t i o n  f r om o t h e r  s o u r c e s .
The r e  i s  n o t  s u f f i c i e n t  s u p p l e m e n t a r y  d a t a  t o
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d e t e r m i n e  t h e  s i z e  o f  any o f  t h e  s u b - H u r l e t  h o r i z o n  
g r a v i t y  componen t s  w i t h  a c c u r a c y ;  b u t  enough t o  se t  
r e a s o n e d  l i m i t s  t o  t he  r e g i o n a l  f o r m o f  d e e p e r  masses ,  and 
t o  o f f e r  a l i m i t e d  c h o i c e  o f  d e n s i t y  and g e o l o g i c a l  model s  
wh i c h  may f a v o u r ,  o r  e x c l u d e ,  e x i s t i n g  h y p o t h e s e s .  They 
may a l s o  o f f e r  a b a s i s  f o r  d e s i g n i n g  s e i s m i c  e x p e r i m e n t s ,  
o r  f o r  c h o o s i n g  c r i t i c a l  s i t e s  f o r  d e e p e r  b o r i n g s .
The a n a l y s i s  o f  t h e  t o t a l  g r a v i t y  f i e l d  ( Bougue r  
a n o m a l i e s )  wh i c h  has been c a r r i e d  ou t  r e s t s  on t he  p r e m i s e  
t h a t  t h e  most  i m p o r t a n t  s o u r c e s  o f  g r a v i t y  a n o m a l i e s  f r om 
be l ow t h e  H u r l e t  h o r i z o n  and w i t h i n  t h e  r e g i o n  o f  F i g .  5 
can be i d e n t i f i e d  f r om known g e o l o g y  and f o r m a t i o n a l  
dens i t i e s ,  and are
( i )  t h e  m a j o r  c r u s t a l  d i s c o n t i n u i t i e s ,  ( t h a t  i s  t he  
s u r f a c e  be t ween  Lower  P a l a e o z o i c  r o c k s  and Upper  C r u s t ,  
and t h e  s u r f a c e  be t ween Upper  and Lower  C r u s t )  ( F i g .  2 ) ;
( i i )  t he  u n c o n f o r m i t y  s e p a r a t i n g  D o w n t o n i a n  /  Lower  
D e v o n i an  s t r a t a  f r om d e ns e r  Lower  P a l a e o z o i c  g r e y w a c k e s ;
( i i i )  t he  v a r i a t i o n  o f  t h i c k n e s s  o f  t h e  r e l a t i v e l y  dense 
C l y d e  P l a t e a u  Lavas  and a s s o c i a t e d  i n t r u s i o n s .
L o c a l  changes o f  t h i c k n e s s  o f  t h e  C a l c i f e r o u s  
Sa n ds t o n e  S e r i e s  s e d i m e n t s ,  and o f  Upper  Ol d Red Sa nds t o ne  
a l s o  c o n t r i b u t e  t o  t he  a n o m a l i e s ,  b u t  a r e  l i k e l y  t o  be o f  
s e c o n d a r y  i m p o r t a n c e ,  s i n c e  t h e  u p p e r  r ange  o f  known 
t h i c k n e s s e s  i s  1 . 3  km ,  and t he  m a g n i t u d e  o f  t h e  Bouguer
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anomal y  a s s o c i a t e d  w i t h  t h i s  i s  5 4 . 5  g . u . .
A more s e r i e s  c o m p l i c a t i o n  wou l d  be t h e  p r e s e n c e
o f  any l a r g e  i g n e o u s  i n t r u s i o n s ,  p a r t i c u l a r l y  o f  b a s i c
c o m p o s i t i o n ,  e i t h e r  i n t o  t h e  Upper  P a l a e o z o i c  s t r a t a  or  
i n t o  t h e  Lower  P a l a e o z o i c  b a s e me n t .  Such an i n t r u s i o n  
( H o s s a i n ,  1976)  may be p r e s e n t  u n d e r  B a t h g a t e .
G e o l o g i c a l  e v i d e n c e  o f  t h i c k n e s s e s  o f  C l yde  
P l a t e a u  L a v a s ,  and o f  Down t o n i a n  /  Lower  Dev o n i an  s t r a t a ,  
i s  l i m i t e d  a l m o s t  e n t i r e l y  t o  what  i s  seen i n  o u t c r o p s .  
These ar e  c o n c e n t r a t e d  near  t h e  f r i n g e s  o f  t h e  r e g i o n  
s t u d i e d ,  and ar e  sp a r s e  i n  i t s  c e n t r a l  a r e a .  F u r t h e r m o r e  
t h e  o u t c r o p s  o f t e n  d i s p l a y  o n l y  t h e  t o p  o f  t h e  f o r a m a t i o n  
and a l l o w  o n l y  a m i n i m a l  t h i c k n e s s  o f  t h e  f o r m a t i o n  t o  be 
e s t i m a t e d .  The o n l y  s u b s t a n t i a l  s o u r c e  o f  s u p p l e m e n t a r y  
i n f o r m a t i o n  a b ou t  t h e  d e v e l o p me n t  o f  t h e  C l y d e  P l a t e a u  
Lavas  i s  t h e  IGS a e r o m a g n e t i c  s u r v e y  ( B u l l e r w e l l ,  1 9 6 8 ) ,  
and t h e  r e s u l t s  f r om i t  have been used -  w i t h  a wa r eness
t h a t  o t h e r  m a g n e t i c  s o u r c e s  may c o n f u s e  t h e  i n t e r p r e t a t i o n  
-  t o  e s t i m a t e  r e g i o n a l  changes i n  t h i c k n e s s .  Even l e s s  i s  
known abou t  t h e  o t h e r  two ma j o r  s o u r c e s  o f  a n o ma l y .
An e s t i m a t e  o f  t h e  s i z e  o f  t h e  d e ep e r  c r u s t a l
component  was ,  h o w e v e r ,  made a l o n g  a s e l e c t e d  l i n e  o f  
s e c t i o n  by McLean and Qu r e s h i  ( 1 9 6 6 ) .  T h e i r  l i n e  o f
s e c t i o n  i s  one where Upper  P a l a e o z o i c  s t r a t a  are 
r e l a t i v e l y  t h i n  o r  a b s e n t .  The r e g i o n a l  anomal y  c u r v e
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a l o n g  t he  l i n e  was a b e s t - f i t  p a r a b o l a  t o  t h e  g r a d i e n t s  
a c r o s s  t h e f r i n g i n g  s o u t h e r n  H i g h l a n d s  and S o u t h e r n  Up l ands  
( whe r e  Upper  P a l a e o z o i c  are  a b s e n t )  and t o  p o i n t s  w i t h i n  
t h e  g r a b e n  where t e n t a t i v e  e s t i m a t e s  o f  t h e  Upper  
P a l a e o z o i c  c o v e r ' s  c o n t r i b u t i o n  t o  t h e  g r a v i t y  f i e l d  can 
be made,  and b e s t r i p p e d ,  f r om t h e  t o t a l  f i e l d .  T h e i r  
" r e g i o n a l  a n o ma l y "  i s  t h e  c r u s t a l  c o mp o n e n t ,  ( i )  o f  page 
63 .  T h e i r  i n t e r p r e t a t i o n  o f  t h e  d e r i v e d  r e g i o n a l  g r a v i t y  
h i g h  as a t h i n n i n g  o f  t h e  c r u s t  u n d e r  t h e  M i d l a n d  V a l l e y ,  
was s u p p o r t e d  by t h e  f r a g m e n t a r y  g e o l o g i c a l  e v i d e n c e  t he n  
a v a i l a b l e .  Some c o n f i r m a t i o n  came l a t e r  f r o m t h e  LISPB 
s e i s m i c - r e f r a c t i o n  e x p e r i m e n t  ( B a mf o r d  e t  a I . ,  1 9 7 7 ) .
T h e i r  i n t e r p r e t a t i o n  shows a c r u s t a l  s t r u c t u r e  a c r o s s  t he  
g r a b e n  i n  t h e  e a s t e r n  M i d l a n d  V a l l e y  w i t h  s i m i l a r  f e a t u r e s  
t o  McLean and Q u r e s h i ' s  mo d e l .  The r e  i s  howeve r  no d i r e c t  
c h e c k ,  o r  p o s s i b i l i t y  o f  c o m p a r i s o n  s i n c e  t h e  LISPB l i n e  
l i e s  c .  40 km t o  t he  e a s t  o f  t h e  r e g i o n  b e i n g ,  d i s c u s s e d ,  
bu t  a c o m p a r a b l e  anomal y  e x t e n d s  a l o n g  t h e n  s o u t h - e a s t e r n  
m a r g i n  o f  t h e  g r aben  ( L a g i o s  and H i p k i n ,  1979)  and 
i n d i c a t e s  a p r o b a b l e  c o n t i n u i t y  o f  c r u s t a l  s t r u c t u r e  a l o n g  
s t r i k e .  T h i s  a r g u m e n t ,  and i t s  a p p a r e n t  r e i n f o r c e m e n t  o f  
McLean and Q u r e s h i ' s  e a r l i e r  c o n c l u s i o n s ,  m u s t ,  h o w e v e r ,  
be q u a l i f i e d  by t h e  c o n c l u s i o n  o f  L a g i o s  and H i p k i n ,  t h a t  
t h e  g r a d i e n t s  a c r o s s  t h e  ma r g i n  o f  t h e  g r a b e n  i i n  t he  
e a s t e r n  M i d l a n d  V a l l e y  c a n n o t  be s a t i s f a c t o r i l y  e x p l a i n e d
p u r e l y  by d i s p l a c e m e n t  o f  t h e  c r u s t a l  l a y e r s  shown i n  t he  
LISPB p r o f i l e .  They i n f e r  t h a t  t h e  g r a d i e n t s  a r e  augment ed 
by a l a r g e  c o n c e a l e d  g r a n i t e  mass i n  t h e  S o u t h e r n  U p l a n d s .
The Do wn t o n i a n  /  Lower  De v o n i an  component  o f  
g r a v i t y  c a n n o t  be e s t i m a t e d ,  even r o u g h l y ,  f r om 
i n d e p e n d e n t  i n f o r m a t i o n .  Any c o n c l u s i o n  ab ou t  i t  m u s t ,  a t  
t h i s  s t a g e  o f  k n o w l e d g e ,  r e s t  on e q u a t i n g  i t  w i t h  t he  
r e s i d u a l  v a l u e s  o f  g r a v i t y  o b t a i n e d  a f t e r  s u b t r a c t i n g  t he  
t wo o t h e r  m a j o r  component s  f r om t h e  t o t a l  f i e l d .
R e s o l u t i o n  o f  t h e  Bougue r  a n o m a l i e s  i n t o  t h e s e  
c o mponen t s  i s ,  t h e r e f o r e ,  an a r b i t r a r y  and i n e x a c t  
p r o c e d u r e .  The model  o b t a i n e d  a r e  l i k e l y  t o  have a wi de 
r an ge  o f  e r r o r s ,  and t o  d e m o n s t r a t e  o n l y  t h e  main
q u a l i t a t i v e  f e a t u r e s  o f  t h e  d e e p e r  s t r u c t u r e s .  
N e v e r t h e l e s s ,  a t  t h i s  s t a g e  o f  e x p l o r a t i o n  o f  t h e  d e epe r  
g e o l o g y  o f  t h e  M i d l a n d  V a l l e y ,  t h e  r e s u l t s  s e r v e  as a 
g u i d e  i n  e v a l u a t i n g  c u r r e n t  h y p o t h e s e s  and i n  p l a n n i n g
f u t u r e  i n v e s t i g a t i o n s .  The may n o t  i n d i c a t e  w i t h
c e r t a i n t y  what  i s  p r e s e n t  a t  d e p t h ,  b u t  can say w i t h  g r e a t
a s s u r a n c e  say what  i s  no t  p r e s e n t .
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3 . 2 . 2  The s u p r a - H u r l e t  s e d i m e n t s  component
Mapp i ng  s u p p o r t e d  by g e o l o g i c a l  i n f o r m a t i o n  f r om 
m i n i n g  and q u a r r y i n g  g i v e s  a u s e a b l e  s y n t h e s i s  o f  
s t r a t i g r a p h y  and s t r u c t u r e  as deep as t h e  C a l c i f e r o u s  
San d s t o ne  S e r i e s  i n  most  o f  t h e  M i d l a n d  V a l l e y .  The most  
u s e f u l l  and w e l l - d e f i n e d  h o r i z o n ,  t h e  H u r l e t  L i m e s t o n e  and 
i t s  e q u i v a l e n t s ,  was chosen as t h e  base t o  c a l c u l a t e  t he  
t h i c k n e s s  o f  t h e  Upper  s e d i m e n t a r y  c o v e r .  A t h i c k n e s s  map 
( F i g .  6)  i s  c o n s t r u c t e d  f o r  t h e  s e d i m e n t s  be t ween  t he  
H u r l e t  L i m e s t o n e  h o r i z o n  and datum ( New l y n  O . D . ) .  The 
g r a v i t y  e f f e c t s  ( F i g .  7)  o f  t h e s e  s e d i m e n t s  a r e  comput ed 
assumi ng  t h a t  t h e y  ar e  t o  be r e p l a c e d  by s t r a t a  h a v i n g  t he
d e n s i t y  o f  Lower  Ol d Red Sa n d s t o n e  r o c k s  ( d e n s i t y  2650 kg
-3
m )
3 . 2 . 3  The C a r b o n i f e r o u s  s e d i m e n t s  b e l ow t h e  H u r l e t  
L i m e s t o n e  h o r i  zon
The C a r b o n i f e r o u s  r o c k s  b e l ow t h e  H u r l e t  
L i m e s t o n e  h o r i z o n  f o r m t he  C a l c i f e r o u s  S e r i e s ,  and are 
( Mac Gr eg o r  and Ma c Gr e g o r ,  1948 ,  2nd ed .  r e v i s e d ,  3 6)
Upper  Group ( w i t h  o i l  s h a l e s  l o c a l l y )  
V o l c a n i c  Group 
Cemen t s t one  Group 
Too l i t t l e  i s  known abou t  t h e  d e v e l o p m e n t  o f  t h e  Upper
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Group and t he  Cemen t s t one  Group t o  j u s t i f y  an a t t e m p t  a t  
s y s t e m a t i c  s t r i p p i n g  o f  a n o m a l i e s  a r i s i n g  f r om t hem.  
I n s t e a d ,  t h e  o r d e r  o f  m a g n i t u d e  o f  t h e  Souguer  a n o m a l i e s
l i k e l y  t o  be p r o d u c e d  by l a t e r a l  changes  o f  t h i c k n e s s  i n
t h e s e  s t r a t a ,  and t h e  c o n s e q u e n t  e r r o r s  i n  a d e r i v e d  model  
where  r e s i d u a l  a n o m a l i e s  are i n t e r p r e t e d  as v a r i a t i o n s  o f  
t h i c k n e s s  o f  Lower  Ol d Red Sa n d s t o n e  on a Lower  P a l a e o z o i c  
b a s e m e n t ,  a r e  e s t i m a t e d .
W i t h i n  t h e  w e s t e r n  M i d l a n d  V a l l e y .  t h e  uppe r
Group v a r i e s  i n  t h i c k n e s s  f r om n e a r - z e r o  i n  n o r t h  A y r s h i r e
t o  0 . 3  km i n  t h e  Gl asgow a r e a .  C o r r e s p o n d i n g  changes  i n
t h e  Ce me n t s t on e  Group are  f r o m z e r o  t o  0 . 2  km. S i n c e  t h e
C a l c i f e r o u s  Sa nds t o ne  s e d i m e n t s  have a d e n s i t y  c o n t r a s t  o f  
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100 kg m r e l a t i v e  t o  t h e  Lower  Ol d  Red Sa n ds t o ne
d e n s i t y ,  t h e  t o t a l  i n c r e a s e  o f  t h i c k n e s s  be t ween  n o r t h  
A y r s h i r e  and t h e  Gl asgow d i s t r i c t  p r o d u c e s  an anoma l y  o f  
a p p r o x i m a t e l y  - 2 0  g . u . ,  and a c o r r e s p o n d i n g  e r r o r  i n  t he  
r e s i d u a l s  a f t e r  ( i n c o m p l e t e )  s t r i p p i n g  o f  C a r b o n i f e r o u s  
g r a v i t y  e f f e c t s .  Th i s  e r r o r  i n  t h e  Bougue r  anomal y
r e s i d u a l  v a l u e s  wou l d  be mi s i n t e r p r e t e d  by p l o t t i n g  t he
Lower  Ol d Red Sands t one  /  basement  b o u n d a r y  0 . 7 2  km d e epe r
t h a n  t h a n  i t s  r e a l  d e p t h .
E r r o r s  i n  t he  e a s t - c e n t r a l  p a r t  o f  t h e  r e g i o n ,  
where  o u t c r o p s  o f  C a l c i f e r o u s  Sa n d s t o n e  p r o v i d e  o n l y  
p a r t i a l  i n f o r m a t i o n  o f  t h e  S e r i e s ,  may be l a r g e r .  I f  t he
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maximum known t h i c k n e s s  -  a t o t a l  o f  1 . 3  km i n  Eas t  F i f e  
(more t h a n  50 km t h e  r e g i o n  a n a l y s e d )  -  w e r e ,  h o w e v e r ,  
a c c e p t e d  as an uppe r  l i m i t  o f  t h i c k n e s s ,  t h e n  t he  e r r o r  
a r i s i n g  f r om no t  s t r i p p i n g  t h e  C a l c i f e r o u s  Sands t one
s e d i m e n t s  wou l d  be 5 4 . 5  g . u . ,  and t he  e r r o r  i n  t he
basement  d e p t h  o f  t h e  f i n a l  model  wo u l d  be 1 . 85  km.
3 . 2 . 4  E s t i m a t i o n  o f  C l yde  P l a t e a u  Lavas  t h i c k n e s s e s  f r om 
a e r oma g n e t  i c
E v i d e n c e  f r om o u t c r o p s  shows t h a t  t h e  Cl yde  
P l a t e a u  Lavas  t h i c k n e s s  v a r i e s  f r o m z e r o  t o  s e v e r a l  
h u n d r e d  m e t e r s ,  p r o b a b l y  t o  a maximum o f  1 . 0  km,  a c r o s s  
t h e  M i d l a n d  V a l l e y  (MacGr egor  and Ma c Gr e g o r ,  1 9 4 8 ,  2nd ed.  
r e v i s e d ,  3 6 ,  4 2 ) .  Wi t h  a d e n s i t y  c o n t r a s t  o f  70 kg m (2720 
-  2650)  t h e i r  r e p l a c e m e n t  by Lower  Ol d  Red Sa n d s t o n e  wou l d  
g i v e  r i s e  t o  a g r a v i t y  e f f e c t  r a n g i n g  up t o  40 g . u . .
T h e i r  p a t t e r n  o f  t h i c k n e s s  a n d ,  c o n s e q u e n t l y ,  r e l a t e d
g r a v i t y  v a r i a t i o n s  c a n n o t ,  h o w e v e r ,  be p r e d i c t e d  f r o m t he  
g e o l o g i c a l  e v i d e n c e .  The f o r m o f  t h e i r  l o w e r  s u r f a c e  i s  
e s p e c i a l l y  u n c e r t a i n .
The d i s t r i b u t i o n  o f  a n o m a l i e s  on t h e  IGS 
a e r o m a g n e t i c  map ( s h e e t  11)  o f  t h e  M i d l a n d  V a l l e y  shows a 
c o r r e l a t i o n  w i t h  t h a t  o f  t he  C l y d e  P l a t e a u  Lavas  o u t c r o p s .  
Over  t h e s e  o u t c r o p s  t h e  m a g n e t i c  a n o m a l i e s ,  measur ed  a t
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0 . 3  km above t h e m,  commonl y have a m p l i t u d e s  o f  200 nT and 
1 / 2  w a v e - l e n g t h  o f  5 t o  10 km. T e r t i a r y  dykes  w i t h i n  t he  
C l y d e  P l a t e a u  Lavas  o u t c r o p  a r o u n d  S t r a t h a v e n  have 
m a g n e t i c  e f f e c t s  wh i c h  m o d i f y ,  b u t  do n o t  o v e r w h e l m ,  t h o s e  
a t t r i b u t a b l e  t o  t h e  l a v a s  t h e m s e l v e s .  L i n e a r  a n o m a l i e s
c l e a r l y  f o l l o w  t h e  l i m i t s  o f  t h e  l a v a s  where t h e i r  edge i s  
a t o p o g r a p h i c  f e a t u r e  ( S t r a t h b l a n e  -  S t i r l i n g  NS C25 68 ]  -  
NS [ 28  6 9 ]  and near  L a r g s  NS [ 22  6 6 ] )  o r  a f a u l t
( I n c h g o t r i c k  NS [ 27  64 ]  and NE o f  Eas t  K i l b r i d e  NS [ 26  
6 5 ] ) .  Beyond t h e  Cl yde  P l a t e a u  L a v a s ,  o v e r  t h e  Ol d Red 
S a n d s t o n e  o u t c r o p ,  even where t h i s  i s  i t s e l f  v o l c a n i c  
r o c k ,  t h e  m a g n e t i c  f i e l d  i s  r e l a t i v e l y  u n i f o r m .  The same 
i s  t r u e  where t h e  Cl yde  P l a t e a u  Lavas  a r e  c o n c e a l e d  by 
y o u n g e r  s e d i m e n t s  d e s p i t e  s i l l  and dyke  i n t r u s i o n s .  The 
A y r s h i r e  b a s i n s  a r e  an e x c e p t i o n  due t o  t h e  p r e s e n c e  o f
y o u n g e r  b a s a l t s  ( M i l l s t o n e  G r i t  and P e r m i a n )  and were
e x c l u d e d  f r om f u r t h e r  a n a l y s i s .
The b r o a d  a e r o m a g n e t i c  h i g h  a c r o s s  t h e  C e n t r a l  
C o a l f i e l d  s y n c l i n e  c e n t r e d  n e a r  B a t h g a t e  i s  t a k e n  t o  be 
due t o  a c o n c e a l e d  i n t r u s i o n  s u b j a c e n t  and s i m i l a r l y  
p o l a r i s e d  t o  a n y ,  a l s o  c o n c e a l e d ,  C l y d e  P l a t e a u  Lavas  and 
t h e r e f o r e  i n d i s t i n g u i s h a b l e  m a g n e t i c a l l y  o r ,  i t  i s  assumed
'  I
g r a v i t a t i o n a I l y  ( H o s s a i n ,  1 9 7 6 ) .  The Wa t e r h e ad  g r a v i t a t i n g  
body u n n d e r  t h e  Campsi es ( C o t t o n ,  1968)  p r o d u c e s  t h e  
p r i n c i p a l  m a g n e t i c  anomal y  o v e r  t h a t  C l y d e  P l a t e a u  Lavas
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o u t c r o p  and i s  t r e a t e d  s i m i l a r l y  b e l o w .
On t h e  b a s i s  o f  t h e s e  q u a l i t a t i v e  ma g n e t i c
f e a t u r e s  r e l a t e d  t o  t h e  Cl yde  P l a t e a u  Lavas  a q u a n t i t a t v e
d e t e r m i n a t i o n  o f  l a v a  t h i c k n e s s e s  has been a t t e m p t e d .  For
t h i s  p u r p o s e  a u n i f o r m  p o l a r i s a t i o n  o f  3 x 4 p i  x 10 Weber 
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m has been u s e d .  T h i s  i s  t h e  f i g u r e  a r r i v e d  a t  by C o t t o n  
( 1 9 6 8 )  f r o m s u s c e p t i b i l i t y  meas u r eme n t s  on l a b o r a t o r y  
s p e c i me n s  f r om t h e  Campsi es and one w h i c h  s a t i s f i e s  t he  
o b s e r v e d  a m p l i t u d e s  o f  t h e  a e r o m a g n e t i c  a n o m a l i e s  ove r
t o p o g r a p h i c a l l y  d e f i n e d  edges t o  t h e  l a v a s  i . e .  where t he  
l a v a s  g e o m e t r y  i s  known ( Ga r g u nn o c k  NS C27 6 9 3 ,  L a r g s  NS 
£23 6 6 3 ) .  I t  i s  a l s o  c l o s e  t o  t h e  i n t e n s i t y  wh i ch
m i n i m i s e s  r e s i d u a l s  i n  f i t t i n g  a C l y d e  P l a t e a u  model  t o
t h e  a n o m a l i e s  a l o n g  a 255 km N a t i o n a l  G r i d  N-S l i n e  ( 7 t h  
i n  F i g .  9)  .
The C l y d e  P l a t e a u  Lavas  model  f o r  c o m p a r i s o n  w i t h  
t h e  o b s e r v e d  a n o m a l i e s  was se t  up as f o l l o w s :
1.  The o b s e r v e d -  a n o m a l i e s  were samp l ed  at  1 km i n t e r v a l s  
on 5 km spaced N-S l i n e s  a c r o s s  t h e  a r e a  ( F i g .  9 shows 
o b s e r v e d  a n o m a l i e s  and p r o f i l e s ) .
2 .  The z e r o  datum was t a k e n  as t h a t  o f  t he  z e r o  c o n t o u r  
on t h e  a e r o m a g n e t i c  map.
3 .  The e l e v a t i o n s  o f  a l l  o b s e r v a t i o n  p o i n t s  ( g r o u n d  + 0 . 3  
km) were r e c o r d e d .  Some l i e  b e l ow p a r t s  o f  t h e  m a g n e t i c  
b o d y .
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4.  The model  c o m p r i s e d  a s e r i e s  o f  5 x 1 km v e r t i c a l  
b l o c k s  c e n t r e d  u n de r  each o b s e r v a t i o n  p o i n t  w i t h i n  t he  
o u t c r o p  o f  t h e  base o f  t h e  C l y d e  P l a t e a u  l a v a s .
5 .  The d e p t h s  t o  t h e  t o p  s u r f a c e s  o f  a l l  b l o c k s  were
s p e c i f i e d  w i t h  r e f e r e n c e  t o  O. D.  a t  N e w l y n .  Over  t he  
o u t c r o p  t h e s e  d e p t h s  ar e  t he  a v e r a g e  ( o v e r  5 x 1  km)
g r o u n d  h e i g h t .  Where t h e  l a v a s  a r e  c o n c e a l e d  t h e  t o p  
d e p t h s  e q u a l  g r o u n d  h e i g h t  mi nus  e s t i m a t e  o f  o v e r l y i n g  
C a l c i f e r o u s  Sands t one  t h i c k n e s s  mi nus  t h i c k n e s s  o f  s u p r a -  
H u r l e t  ( t h i c k n e s s e s  above as w e l l  as b e l l o w  O.D.  are 
r e q u i r e d  t h r o u g h o u t ) .
6 .  An i n i t i a l  s e t  o f  base d e p t h s  f o r  i t e r a t i v e  a d j u s t m e n t  
by t h e  C a l c u l a t i n g  p r og r am was p r o p o s e d .  More t h a n  one 
i n i t i a l  s e t  was used i n  a t t e m p t s  t o  m i n i m i s e  r e s i d u a l s  
be t ween  o b s e r v e d  and c a l c u l a t e d .
7.  The p r e - e x i s t i n g  p r ogr am was m o d i f i e d  t o  a l l o w  f o r  t he  
d i f f e r e n c e s  i n  t h e  e l e v a t i o n s  o f  t h e  c a l c u l a t i o n  p o i n t .
The b e s t  r e s u l t  ( a v e r a g e  r e s i d u a l s  32 nT)  i s  
shown i n  F i g .  14 ( c o n t o u r s  a r e  t h e  base be l o w O. D . )  F i g .  
13 shows c o n t o u r s  o f  t h e  i n p u t  d e p t h s  t o  t h e  t o p .
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C l y d e  P l a t e a u  Lavas  magnet  i c mode I
F i g .  14 shows t h e  c a l c u l a t e d  d e p t h s  t o  t he  base 
o f  t h e  C l y d e  P l a t e a u  Lavas and a s s o c i a t e d  i n t r u s i o n s  where 
t h e s e  ar e  be l ow O . D . .  The c a l c u l a t e d  v a l u e s  have been 
smoot hed by a 3 - p o i n t s  r u n n i n g  a v e r a g e  a l o n g  p r o f i l e s  (3 x 
5 km b l o c k s ) .  The Lower  Ol d Red S a n d s t o n e  r e p l a c e m e n t
g r a v i t y  e f f e c t  o f  t h e  C l y d e  P l a t e a u  Lavas  ( d e n s i t y
" 3
c o n t r a s t  70 kg m ) has been c a l c u l a t e d  f o r  t h i s  body where 
t h e  t o p  s u r f a c e  i s  t r u n c a t e d  a t  O . D . .  I t s  maximum e f f e c t  
o v e r  t h e  C l y d e  P l a t e a u  Lavas i s  32 g . u .  and o v e r  t he  
B a t h g a t e  body i s  63 g . u . .
The r e s u l t s  a r e  o f  d i r e c t  g e o l o g i c a l  i n t e r e s t  i n  
p r o v i d i n g  a p i c t u r e  o f  o r i g i n a l  C l y d e  P l a t e a u  Lavas 
t h i c k n e s s  and i t s  v a r i a t i o n  ( F i g .  12 r e p r e s e n t s  d e p t h  t o  
base mi nus  d e p t h  t o  t o p ) .  No a l l o w a n c e  i s  made f o r  
C a l c i f e r o u s  Sands t one  ( V o l c a n i c  d e t r i t u s ) .  A l t h o u g h  
s i m i l a r  t o  F i g .  14 ,  because  most  o f  t h e  d e p t h  v a r i a t i o n  
o c c u r s  a t  t h e  b a s e .  F i g .  12 w h i c h  c o r r e c t s  f o r  p o s t - C l y d e  
p l a t e a u  Lavas  d i f f e r e n t i a l  s u b s i d e n c e ,  r e v e a l s  a c l o s e r  
c o r r e l a t i o n  be t ween  t h i c k n e s s  and p r e s e n t  C l yde  P l a t e a u  
Lavas  o u t c r o p .  T h i s  i n d i c a t e s  t h a t  t h e  NW / SE C l yde  
P l a t e a u  Lavas  o u t c r o p  t h r o u g h  S t r a t h a v e n  i n t o  R e n f r e w s h i r e  
p a r t i c u l a r l y  was t h e  a x i s  o f  maximum o r i g i n a l  
- accumu I a t  i o n .
W i t h i n  t h a t  r e g i o n  t h e  Dusk Wat e r  F a u l t  l i n e  i s
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t he  n o r t h e r n  l i m i t  o f  t h e  t h i c k e s t  l a v a  d e v e l o p m e n t ;  
p r e s u m a b l y  by c o n t e mp o r a n e o u s  movement .  The t h i c k e s t
change a p p r o a c h i n g  t h e  I n c h g o t r i c k  F a u l t  l i n e  i s  more 
g r a d u a l .  The NE t r e n d i n g  f a u l t  b o u n d i n g  t he  H a m i l t o n
c i r c u l a r  f e a t u r e  i s  l e s s  c l e a r l y  r e l a t e d  t o  t he  Cl yde  
P l a t e a u  Lavas  t h i c k n e s s  c o n t o u r s .  An o l d e r  f e a t u r e  t han  
t h e  C l y d e  P l a t e a u  L a v a s ,  e i t h e r  a Lower  Ol d Red Sands t one
b a s i n  o r  an a c i d i c  i n t r u s i o n  ( see  ch .  4)  a l s o  shows a
r e l a t i o n s h i p  t o  t h e s e  f a u l t s .
Under  t h e  n o r t h e r n  o u t c r o p s ,  t h e  C l y d e  P l a t e a u
Lavas  a r e  r e l a t i v e l y  t h i n ;  l e s s  t h a n  0 . 5  km under
K i l p a t r i c k  H i l l s  where an o u t c r o p  w i d t h  and d i p  e s t i m a t e
i s  more t h a n  t w i c e  t h a t  f i g u r e .  I t  may be s i g n i f i c a n t  t h a t  
t h e  l i n e  j o i n i n g  t h e  c e n t r e s  o f  t h e  Wa t e r h ead  and b a t h g a t e  
i n t r u s i o n s  p a r a l l e l s  t h e  S t r a t h a v e n  a x i s  and a v e n t
a l i g n m e n t  i n  t h e  Camps i es .
Maximum t h i c k n e s s e s  o f  3 km u n de r  B a t h g a t e
b e i n g  3 t i m e s  t h a t  o f  any g e o l o g i c a l  e s t i m a t e  o f  l ava
t h i c k n e s s  and e x p l a i n s  t h e  p r o b a b i l i t y  o f  an i n t r u s i v e
b o d y .
At  Wa t e r head  t h e  c a l c u l a t e d  t h i c k n e s s  o f  c^ _ 1 . 3
km; where base o f  l a v a s  i s  g e o l o g i c a l l y  w e l l  c o n t r o l e d  at  
above O.D.  t h i c k n e s s e s  w i t h i n  t h e  t o p o g r a p h y  ar e  c ^  0 . 3
km,  so s i m i l a r l y  i n d i c a t e  an i n t r u s i o n  b e n e a t h  Cl yde  
P l a t e a u  L a v a s .
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Ps e u do - g r a v i  t y  c a l c u l a t i o n  o f  t h e  C l y d e  P l a t e a u  Lavas  and 
a s s o c i a t e d  i n t r u s i o n s
For  C l y de  P l a t e a u  Lavas  r e p l a c e m e n t  d e n s i t y  i s
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2650 mi nus  2720 km m, t h e  t wo i n t r u s i o n s ,  p r e s u m a b l y  
g a b r o i c ,  can be e x p e c t e d  t o  be d e n s e r  say 2800 -  2900 kg m
i . e .  d e n s i t y  c o n t r a s t  w i t h  Lower  Ol d  Red San ds t o ne  u p t o  3 
t i m e s  t h a t  o f  C l y d e  P l a t e a u  L a v a s .  To a p p l y  d i f f e r e n t i a l  
d e n s i t y  e f f e c t ,  t h e  b o u n d a r i e s  be t wee n  i n t r u s i v e  and 
e x t r u s i v e  r o c k s  a r e  s t i l l  t o  be d e f i n e d .  T h i s  may n o t  be 
t h e  mai n p r o b l e m  i n  a p p l y i n g  a p s e u d o - g r a v i t y  c o r r e c t i o n  
a t  Wa t e r h e ad  where on a c c o u n t  o f  t h e  r e l a t i v e l y  s m a l l  
s c a l e  o f  t h i s  f e a t u r e ,  t h e  shape and a m p l i t u d e  i n  o b s e r v e d  
g r a v i t y  e f f e c t  a r e  no t  f a i t h f u l l y  r e p r o d u c e d  on map ( F i g .
5 ) .  S i m i l a r l y  t h e  5 x 3 km b l o c k s  o f  t h e  m a g n e t i c  model  
a r e  t o o  b i g .  For  t h e s e  r e a s o n s  a l o n e  t h e  t h e  p s e u d o -  and 
o b s e r v e d  g r a v i t y  a re  n o t  a good mat ch a t  any assumed 
d e n s i t y  and a p p l i c a t i o n  o f  t he  c o r r e c t i o n  p r o b a b l y  t e n d s  
t o  c r e a t e  a s p u r i o s  f e a t u r e  i n  t h e  r e s i d u a l  maps ( F i g s .  
19 ,  20 ,  21)  ( shown by d o t t e d  i s o g a l s ) .
For  B a t h g a t e  i t  i s  r e s o n a b l e  t o  suppose t h a t  t he 
i n t r u s i v e  e f f e c t  f a r  exceeds  any C l y d e  P l a t e a u  Lavas  
e f f e c t ,  s i n c e  t h e  Cl yde  P l a t e a u  Lavas  a r e  t h i n  ( l e s s  t h a n  
0 . 5  km) un de r  t h e  a r e a  i m m e d i a t e l y  t o  t h e  west  o f  t h i s  
f e a t u r e .
Two p o s s i b i l i t i e s  have been c o n s i d e r e d :
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( 1 )  d e n s i t y  o f  t h e  i n t r u s i o n  e q u a l  t o  t h a t  o f  t h e  Cl yde  
P l a t e a u  Lavas  ( c o n t r a s t  -  70 kg m) ,  n o t  r e q u i r i n g  s e p a r a t e  
d e f e n i t i o n  o f  t h e  i n t r u s i o n .  T h i s  p s e u d o - g r a v i t y  
c o r r e c t i o n  l e a v e s  a r e s i d u a l  g r a v i t y  h i g h  (D)  on t he  s i t e  
o f  t h e  o b s e r v e d  h i g h  s e p a r a t i n g  r e s i d u a l  Lows C and E.
( 2 )  d e n s i t y  o f  i n t r u s i o n  2850 kg m ( c o n t r a s t  200 kg m)
a p p l i e d  t o  a l l  t h e  m a g n e t i c  model  t h i c k n e s s e s  Eas t  o f  
C2703.  T h i s  c o r r e c t i o n  v i r t u a l l y  co mp ens a t e s  f o r  t he 
o b s e r v e d  g r a v i t y  h i g h .  So t h a t ,  on t h e  r e s i d u a l  map ( F i g .  
20)  Lows C and E t e n d  t o  f o r m a c o n t i n u o u s  f e a t u r e .
3 . 2 . 5  The r e g i o n a l  c r u s t a l  component
F i g .  16 shows Bouguer  a n o m a l i e s  i n  t h e  M i d l a n d  
V a l l e y  and a d j a c e n t  s t r i p s  o f  t h e  s o u t h e r n  H i g h l a n d s  and 
S o u t h e r n  U p l a n d s  l e f t  a f t e r  t he  s u p r a - H u r l e t  s e d i m e n t s  and 
t he  C l yde  P l a t e a u  Lavas componen t s  have been s u b t r a c t e d  
f r om t h e  t o t a l  f i e l d
The 3 r d  o r d e r  s u r f a c e  wh i c h  f i t s  b e s t  t h e s e  
v a l u e s  i s  shown on F i g .  17.  I n  c o n t r a s t  w i t h  t h e  p r o f i l e  
d e r i v e d  by McLean and Qu r es h i  ( 1 9 6 6 ,  2 7 5 ,  F i g .  2)  t h e  Ol d 
Red Sa n d s t o n e  component  has n o t  been i s o l a t e d  and 
s u b t r a c t e d  f r om t h e  v a l u e s  o f  t h e  s u r f a c e  and t he  
r e f e r e n c e  d e n s i t y  o f  t h e  s u r f a c e  i s  t h a t  o f  Lower  Ol d Red
-3
Sa n d s t o n e  (2650  kg m) i n s t e a d  o f  t h e  Lower  P a l a e o z o i c
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r o c k s  d e n s i t y  o f  2720 kg m . The g r a v i t y  a n o m a l i e s  shown 
on F i g .  17 a r e ,  t h e r e f o r e ,  c o m p o s i t e  i n  o r i g i n .  The 
p r i n c i p a l  component s  a r e i s e  f r om ( 1 )  t h e  r e g i o n a l  
v a r i a t i o n  o f  Ol d  Red San ds t o ne  t h i c k n e s s e s  w i t h i n  t he  
M i d l a n d  V a l l e y ,  and ( 2 )  t h e  d e e p e r  c r u s t a l  s t r u c t u r e .  Any 
changes  i n  t h e  Ol d Red Sa n ds t o ne  w h i c h  a r e  random o r  l o c a l  
w i t h  r e s p e c t  t o  t he  g r aben  and i t s  b o u n d i n g  f a u l t s ,  are 
l i k e l y  t o  be f i l t e r e d  ou t  by t h i s  p r o c e s s  o f  s u r f a c e  
f i t t i n g .  That  i s  t h e  g r a v i t y  a n o m a l i e s  r e p r e s e n t e d  by t he  
3 r d  o r d e r  s u r f a c e  v a l u e s  are  r e l a t e d  t o  a smoot hed v e r s i o n  
o f  t h e  s t r u c t u r e  o f  t he  ma j o r  c r u s t a l  l a y e r s ,  m o d i f i e d  by 
a component  wh i c h  a r i s e s  f r om r e g i o n a l  t h i c k e n i n g  and 
t h i n n i n g  o f  t h e  Ol d Red s a n d s t o n e  f r o m t h e  ma r g i n  o f  t he  
g r a b e n  t o w a r d s  i t s  a x i s .  I t  i s ,  h o w e v e r ,  o f  l i m i t e d  v a l u e  
f o r  c o m p a r i s o n  w i t h  McLean and Q u r e s h i ' s  p r o f i l e ,  o r  f o  
p r o j e c t i n g  t h a t  p r o f i l e  o v e r  t h e  a r e a  c o n s i d e r e d .  The 
l a r g e  changes  o f  t h i c k n e s s  o f  Ol d Red S a n d s t o n e  a c r o s s  t h e  
b o u n d i n g  f a u l t s  a r e  accommodated w i t h i n  i t ,  s i n c e  t h e y  are  
s y s t e m a t i c  w i t h  r e s p e c t  t o  t h e  m a j o r  g r a b e n  s t r u c t u r e .  
They f l a t t e n  t h e  h i g h ,  and d e c r e a s e  t h e  g r a d i e n t s  o v e r  t he  
ma r g i n s  r a d i c a l l y ,  i n  c o m p a r i s o n  w i t h  t h e  p r o f i l e  and t he  
o b s e r v e d  g r a d i e n t s  a c r o s s  t h e  Lower  P a l a e o z o i c  o u t c r o p s .  
The s u r f a c e  s e r v e s  f o r  l i t t l e  o t h e r  t h a n  t o  c o n f i r m  t h a t  
t h e  h i g h  i s  a r e g i o n a l  f e a t u r e  and t r e n d s  NE /  SW a l o n g  
t h e  a x i s  o f  t h e  g r a b e n .
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N e i t h e r  t h e  w a v e l e n g t h s  n o r  t h e  t r e n d s  o f  t h e  two 
p r i n c i p a l  componen t s  o f  t h e  a n o m a l i e s  shown on F i g .  13 
d i f f e r  t o  a d e g r e e  wh i ch  o f f e r s  a t h e o r e t i c a l  b a s i s  f o r  
r e s o l v i n g  t h e  c u m u l a t i v e  a n o m a l i e s  i n t o  t h e  two f r a c t i o n s ,
( 1 )  and ( 2 ) .  The one p o s s i b l e  d i f f e r e n c e  wh i c h  may be used 
i s  t h a t  t h e  c r u s t a l  s t r u c t u r e  r e l a t e d  t o  t h e  g r abe n  and 
t h e  g r a v i t y  component  ( 2 )  a s s o c i a t e d  w i t h  i t ,  appea r  t o  
e x t e n d  beyond t h e  b o u n d i n g  f u a l t s  a c r o s s  t h e  s o u t h e r n
H i g h l a n d s  and n o r t h e r n  S o u t h e r n  U p l a n d s ,  wher eas  t h e  Old 
Red Sa n d s t o n e  e f f e c t  does n o t .  I f  i t  were assumed t h a t  t he  
g r a d i e n t s  a s s o c i a t e d  w i t h  ma j o r  c r u s t a l  s t r u c t u r e ,  seen i n  
t h e s e  b o r d e r i n g  r e g i o n s  where Upper  P a l a e o z o i c  r o c k s  are 
a b s e n t ,  a l s o  e x t e n d  w i t h  s t e a d i l y  d e c r e a s i n g  ma g n i t u d e
i n t o  t h e  M i d l a n d  v a l l e y  ( c_f. t h e  c r u s t a l  domi ng
a s s o c i a t e d  w i t h  g r aben  e l s e w h e r e ) ,  t h e n  t h e r e  i s  b a s i s  f o r  
an a r gumen t  t o w a r d s  a most  p r o b a b l e  mo d e l .  O t h e r w i s e  i t  i s  
o n l y  p o s s i b l e  t o  p r oc eed  by c o n s i d e r i n g  t h e  ex t r e me  
p o s s i b i l i t i e s  t h a t  (a)  t he  f u l l  m a g n i t u d e  o f  t h e  r e g i o n a l  
anomal y  a r i s e s  f r om ma j o r  c r u a s t a l  b o u n d a r i e s  -  t h e  Moho -  
and w i t h i n  t h e  c r u s t ;  o r  t h a t  ( b )  t h e  changes  a r e  r e l a t e d  
t o  t h e  Lower  Ol d  Red Sa n ds t o ne  r e g i o n a l  co mp o n e n t .
I f  t h e  3 r d  o r d e r  s u r f a c e  ( F i g .  17)  were used as a 
s i m p l i f i e d  v e r s i o n  o f  t h e  a n o m a l i e s  shown on F i g .  19 ,  t h en  
t o t a l  Ol d Red Sa n d s t o n e  t h i c k n e s s e s  wo u l d  be o b t a i n e d  by 
a d d i n g  l o c a l  v a l u e s  f ound  f r o m t h e  i n s p e c t i o n  o f  t h e
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r e s i d u a l  anomal y  map . ( F i g .  19)  w h i c h  was o b t a i n e d  a f t e r  
s u b t r a c t i n g  F i g .  17 f r om F i g .  16 a l o n g  t h e  a r ea  a d j a c e n t  
t o  t h e  S o u t h e r n  Up l an ds  F a u l t ,  and e q u a t i n g  i t  t o  z e r o  
v a l u e s  o f  a n o m a l i e s  t h e r e .
Es t  i  mates o f  t h e  c r u s t a l  component  f r o m o t h e r  s o u r c e s
A r e s o l u t i o n  o f  t h e  a n o m a l i e s  shown on F i g .  17 or  
on F i g .  16 c o u l d  o n l y  be a c h i e v e d  i f  t h e r e  were s u f f i c i e n t  
i n f o r m a t i o n ,  i n d e p e n d e n t  o f  t h e  g r a v i t y  r e s u l t s ,  abou t  one 
o r  b o t h  c o mp o n e n t s .  Ade qu a t e  c o n t r o l  o f  t h i s  t y p e  on 
i n t e r p r e t a t i o n  does no t  y e t  e x i s t .  A t e n t a t i v e  m o d e l ,  t he  
most  p r o b a b l e  at  t h i s  s t a g e  o f  i n v e s t i g a t i o n  o f  t he
M i d l a n d  V a l l e y ,  may be b a s e d ,  h o w e v e r ,  on e s t i m a t e s  o f  t he  
m a g n i t u d e  o f  t h e  c r u s t a l  c o mp o n e n t ,  made a t  two
l o c a l i t i e s  i n  t h e  M i d l a n d  V a l l e y .  The f i r s t  i s  a l o n g  t he
NW /  SE p r o f i l e  chosen by McLean and Qu r e s h i  ( 1 9 6 6 ) ,
wher e  Upper  P a l a e o z o i c  s t r a t a  are  a b s e n t  ( a t  t he
Lesmahagow I n l i e r )  o r  t h i n .  The i n c r e a s e d  g e o l o g i c a l
c o n t r o l  compared w i t h  e l s e w h e r e  i n  t h e  g r a b e n  a l l o w s  a 
t e n t a t i v e  s t r i p p i n g  o f  t h e  e n t i r e  Upper  P a l a e o z o i c  e f f e c t ,  
i n c l u d i n g  t h a t  o f  t h e  Ol d Red S a n d s t o n e .  t h e  m a r g i n  o f
e r r o r  i s  w i d e ,  b u t  i t  i s  u n l i k e l y  ( p .  254)  t h a t  t he  o r d e r  
o f  m a g n i t u d e  o f  g r a d i e n t s ,  o r  t h e  g e n e r a l  a r g u m e n t ,  i s  
w r o n g .
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The second L o c a l i t y  where t h e  c r u s t  a L - I  a y e r i n g
c o n t r i b u t i o n  t o  t h e  g r a v i t y  f i e l d  o f  t h e  M i d l a n d  V a l l e y
can be e s t i m a t e d ,  i s  a l o n g  t h e  L I SPB p r o f i  I e - I  i n e  . U s i n g
t h e  c r u s t a l  s t r u c t u r e  as i n t e r p r e t e d  by Bamf o r d  and o t h e r s
( 1 9 7 7 ,  484)  and assumi ng  t h e  f o l l o w i n g  e q u i v a l e n c e c  o f
- L
v e l o c i t y  -  and d e n s i t y  -  l a y e r s ,  6 . 0  km s has a d e n s i t y  o f
-3 -1- -3
2720 kg m , and 6 . 4  km s o f  2800 kg m ,  g i v e s  t he
g r a d i e n t s  shown on F i g .  17.  A g r a d i e n t  o f  7 . 4  g . u .  km at  
NS C53 653 d e c t r e a s e s  t o  1 . 4  g . u .  km a t  NS C31 713.  These 
comput ed  v a l u e s  a r e  c l o s e  i n  m a g n i t u d e  t o  t he  v a l u e s  
d e r i v e d  by McLean and Q u r e s h i ,  70 km t o  t h e  S. W.  a l o n g  
t h a t  m a r g i n  o f  t h e  g r a b e n .  The r e  i s  c o n s i s t e n c y ,  and even 
i f  no f i r m  c o n c l u s i o n  can be d r a w n ,  e n c o u r a g e me n t  t o  
e x p l o r e  t h e  p o s s i b i l i t y  t h a t  t h e  g e n e r a l  c h a r a c t e r  and 
m a g n i t u d e  o f  t h e  c r u s t a l  component  i s  s i m i l a r  a c r o s s  t he  
a r e a  i n v e s t i g a t e d  t o  t h a t  shown by McLean and Q u r e s h i ' s  
c u r v e .
ADDENDUrl. Ihe original, consi^uctiou of tue regional component, 
(Fig• 18; baa errors of contouring near the axis, of the high, 
fhe change of gradients produced by hand-contouring are 
inconsistent with, a deeper crustal source, fhe revised version 
(fig. 27; represents a lower order surface which, is consistent 
with, a source in the depth range 10 to 20 km# ana with the 
presumed crustal-layering origin. The residuals from both 
(Figs. 21 and 28) arebasically alike and the stated conclusions 
(initially based on Fig. 21; are valid.
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CHAPTER 4
GEOLOGICAL INTERPRETATION OF THE F I NAL RESIDUAL MAP
4 . 1  D e s c r i  p t  i o n  o f  t he  f i n a l  r e s i d u a l  anoma l i e s
The r e s i d u a l  Bouguer  a n o m a l i e s ,  o b t a i n e d  a f t e r
s u b t r a c t i o n  f r om t he  t o t a l  g r a v i t y  f i e l d  t h o s e  component s
r e l a t e d  t o  ( i )  s u p r a - H u r l e t  s e d i m e n t s ,  ( i i )  C l yde  P l a t e a u
Lavas  ( i n c l u d i n g  t he B a t h g a t e  p s e u d o - g r a v i t y  e f f e c t )  and
cxn<J 28
( i i i )  m a j o r  c r u s t a l  l a y e r i n g ,  a r e  shown on F i g .  21.  These 
v a l u e s  - ' ' '  a r e  a r g u a b l y  (^-2.-5 ) t h e  b e s t
e s t i m a t e ,  on c u r r e n t  g e o l o g i c a l  k n o w l e d g e ,  o f  t he  
c o n t r i b u t i o n  o f  t h e  Lower  Old Red S a n d s t o n e / U p p e r  S i l u r i a n  
s t r a t a  t o  t h e  t o t a l  Bouguer  a n o m a l i e s .  TThe r e m a i n i n g  
c o m p l i c a t i n g  f a c t o r s ,  a d d i t i o n a l  t o  e r r o r s  o f  r e d u c t i o n ,  
a r e  ( i )  any v a r i a t i o n s  o f  t h i c k n e s s  o f  t h e  Lower  
S e d i m e n t a r y  Group o f  t h e  C a l c i f e r o u s  S e r i e s ,  and o f  t he  
Upper  Ol d Red S a n d s t o n e ;  and ( i i )  t h e  p o s s i b l e  p r e s e n c e  
o f  ma j o r  i n t r u s i o n s ,  known n e i t h e r  known f r om near  s u r f a c e  
g e o l o g y ,  n o r  f r om t h e i r  ma g n e t i c  e f f e c t s .
The e r r o r s  and p r o b l e ms  o f  r e d u c t i o n  have been 
d i s c u s s e d  at  each s t a g e  ( p .  3 2 - 3  5 ) .  The ma j o r  f e a t u r e s  
v i s i b l e  on F i g .  21 are  p e r s i s t e n t  q u a l i t a t i v e l y  and a r e ,
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w i t h  t he  e x c e p t i o n  o f  H i gh  D, i n d e p e n d e n t  o f  t h e  p r o b a b l e  
e r r o r s  i n  t h i c k n e s s e s  o r  d e n s i t i e d  u s e d .
Any m o d i f i c a t i o n  t o  F i g .  21 ,  w i t h i n  t h e  l i m i t s  o f  
g e o l o g i c a l  p r o b a b i l i t y ,  wo u l d  have a s c a l i n g  e f f e c t  
e s s e n t i a l l y ,  o r  wou l d  p r o d u c e  d i s t o r t i o n  o f  t h e  ma j o r  
a n o m a l i e s .  They wou l d  n o t ,  h o w e v e r ,  d e s t r o y  t h e  d o mi n a n t  
f e a t u r e s  o f  t h e  map,  no r  p r o d u c e  a d d i t i o n a l  ma j o r  
a n o m a l i e s .  The most  i m p o r t a n t  s o u r c e  o f  e r r o r ,  
p a r t i c u l a r l y  i n  i t s  e f f e c t  on i n t e r p r e t a t i o n  o f  Upper  
S i l u r i a n  /  Lower  Ol d Red Sa n d s t o ne  r e g i o n a l  t h i c k n e s s e s ,  
i s  t h e  e s t i m a t e  o f  t he  c r u s t a l  component  ( i i i )  i n  t he  
a x i a l  zone o f  t he  g r a b e n .  Too l a r g e  a g r a v i t y  h i g h ,  wou l d  
p r o d u c e  a s p u r i o u s  e x c e s s i v e  t h i c k n e s s  o f  Lower  Ol d Red 
S a n d s t o n e ,  and v i c e  v e r s a .  To d e m o n s t r a t e  t h i s ,  and t he 
r a n ge  o f  i n t e r p r e t a t i o n  p o s s i b l e ,  a t  t h i s  f i n a l  s t a g e  o f  
r e d u c t i o n ,  two s e t s  o f  f i n a l  r e s i d u a l  a n o m a l i e s  a r e  shown,  
d i s c u s s e d ,  and i n v e r t e d  t o  p r o d u c e  d e n s i t y - m o d e I s . Each 
may be m o d i f i e d  a r ound  B a t h g a t e  by c h o o s i n g  a h i g h e r  
d e n s i t y  ( 2850 kg m ) f o r  t he  p s e u d o - g r a v i t y  e f f e c t  o f  
t h e  i n t r u s i o n ,  i . e .  a d e n s i t y  more a p p r o p r i a t e  f o r  gab r o  
The suffix 'a' identifies such modified Residuals.
p }o , . 2 0  SHOW 'S S e t  \a _
The f i r s t  Set  o f  R e s i d u a l s  ( F i g .  21p i s  p r o d u c e d  
by s u b t r a c t i n g  a c r u s t a l  component  based on t h e  r e s u l t s  o f  
McLean and Qu r e s h i  ( 1966 )  and L I SPB.  I t  i s  c o n s i d e r e d  t o  
be t h e  most  p r o b a b l e  i n t e r p r e t a t i o n .  I t  i s  n o t  o n l y  t he
one wh i c h  g i v e s  t h e  most  p r o b a b l e  t h i c k n e s s e s  o f  Upper  
S i l u r i a n  / L o w e r  Ol d  Red Sa n d s t o n e  s t r a t a ,  bu t  a l s o  t he  
g r e a t e s t  t h i c k n e s s e s .
The second  Set  o f  R e s i d u a l s  ( F i g .  19)  i s  p r o d u c e d  
by s u b t r a c t i n g  a r e g i o n a l  component  e q u i v a l e n t  t o  t he  
a v e r a g e d  v a r i a t i o n s  i n  Upper  S i l u r i a n  / L o w e r  Ol d Red 
Sa n ds t o n e  e f f e c t s , ,  a p p r o - x i m a t e d  by t h e  t h i r d  o r d e r  b e s t  
f i t  s u r f a c e  ( p .  7 7 ) .  The g r a d i e n t s  o f  t h i s  s u r f a c e  and t he 
maximum v a l u e s  i n  t h e  a x i a l  zone o f  t h e  g r a b e n  are  much 
l o w e r  t h a n  t h o s e  used f o r  t he  f i r s t  s e t ,  and are  used 
a r b i t r a r l y  as a measure o f  t h e  l o w e r  l i k e l y  l i m i t  o f  
s t r a t a  t h i c k n e s s e s .  The e x t r e me  ( t h e o r e t i c a l )  l owe r  l i m i t  
( p .  78)  i s  r e p r e s e n t e d  by t h e  a n o m a l i e s  be t ween  t he
H i g h l a n d  Bo u n d a r y  F a u l t  and t h e  S o u t h e r n  U p l a n d s  F a u l t  
( F i g .  19)  b e f o r e  a c r u s t a l  component  d e t e r m i n e d  by 
i n s p e c t i o n  o f  t h e  r e s i d u a l  map i s  s u b t r a c t e d .
The m a j o r  f e a t u r e s  r e c o g n i s a b l e  i n  R e s i d u a l  Set  1 
( F i g .  21)  a r e
( 1 )  r e l a t i v e l y  s t e e p  d e c r e a s e s  o f  g r a v i t y  near  
t h e  m a r g i n a l  f a u l t s .  These zones may be a r b i t r a r l y  d e f i n e d  
by t h e  -  80 g . u .  i s o g a l .  On b o t h  s i d e s  o f  t h e  g r aben  t he 
zones e x t e n d  f u r t h e s t  i n t o  t h e  M i d l a n d  V a l l e y  at  t h e  SW 
l i m i t  o f  t h e  reg i o n .
( 2 )  a s a l i e n t  o f  h i g h e r  v a l u e s  e x t e n d s  n o r t h ­
w e s t w a r d s  f r o m  t h i s  zone  a c r o s s  t h e  Lesmahagow I n l i e r
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t o w a r d s  D i s t i n k h o r n ;
L " 0  Beyond t h e s e  m a r g i n a l  z o n e s ,  and w i t h i n  t he
M i d l a n d  V a l l e y ,  t h e  a v e r a g e  b a c k g r o u n d  v a l u e  i s  - 1 0 0
g . u . ,  and more t h a n  h a l f  o f  t h e  r e g i o n  s t u d i e d  l i e s
be t ween  i s o g a l s  - 8 0  and - 1 3 0  g . u . .  V a r i a t i o n s  above o r
b e l o w t h e s e  v a l u e s  a r e  c h a r a c t e r i s t i c a l l y  a s s o c i a t e d  w i t h
s t e e p e r  g r a d i e n t s ,  o t h e r w i s e  t h e  g r a d i e n t s  are
c o m p a r a t i v e l y  g e n t l e .  An e x t e n s i v e  a r ea  o f  t h i s  t y p e
( b a c k g r o u n d  v a l u e  about  - 1 0 0  g . u .  and w i t h  l ow g r a d i e n t s )  
i s  p r e s e n t  i n  n o r t h  and c e n t r a l  A y r s h i r e ,  t o  t h e  n o r t h  o f  
t h e  I n c h g o t r i c k  F a u l t  i.-■ *
( 4 )  a lowA'B, on t he  SE ( d o w n t h r o w n )  s i d e  o f  t he  
H i g h l a n d  Bou nd a r y  F a u l t ,  w h i c h  t r e n d s  p a r a l l e l  t o  t he  
f a u l t .  I t s  l o w e s t  ( a x i a l )  v a l u e s  o c c u r  a t  a b o u t  9 km f r om 
t h e  f a u l t ;
AND EITHER (SET 1 see £ ‘9* ^
( 5 )  a v e r y  l a r g e  n e a r - c i  r c u l a r  Low C, c e n t r e d  a
few k i l o m e t e r s  t o  t he  SE o f  H a m i l t o n ;  ( 6 )  a H i gh  D,
c e n t r e d  n e a r  B a t h g a t e ,  wh i c h  i s  o v a l  w i t h  i t s  l o n g e r  a x i s  
t r e n d i n g  WNW / ESE;  (7)  a low E t r e n d i n g  E /  W ( s w i n g i n g  t o  
ENE / WSW) w i t h  i t s  a x i s  p a s s i n g  n e a r  C l a c k ma n n a n ;
OR (SET 1 See ^  2- ° )
( 8 )  l ows C and E are i n  c o n t i n u i t y  f o r m i n g  a NE
/SW o r i e n t a t e d  mi ni mum t r o u g h  u n i n t e r r u p t e d  by any o f  Hi gh
D.
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Most  o f  t h e s e  f e a t u r e s  may a l s o  be r e c o g n i s e d  i n  
R e s i d u a l  Set  2 ( F i g .  1 9 ) .  The p r i n c i p a l  d i f f e r e n c e s  a r e
( 1 )  t h e  s u r f a c e - f i t t i n g  p r o c e d u r e  ( p .  78)  has 
o b l i t r a t e d  most  o f  t h e  m a r g i n a l  zones  o f  s t e e p  g r a d i e n t  
( e x c e p t  a r oun d  Loch Lomond) ;
( 2 )  t he  Lesmahagow ( h i g h )  s a l i e n t  i s  s l i g h t l y  
more d i s c r e t e  and b e t t e r  d e f i n e d ;
( 3 )  t h e  a v e r age  b a c k g r o u n d  v a l u e s  w i t h i n  t h e  
I o w - g r a d i e n t s  a r ea  o f  t h e  g r a b e n  i s ,  - 1 0  g . u . ,  and l ow-  
g r a d i e n t s  t e n d  t o  be a s s o c i a t e d  w i t h  v a l u e s  i n  t h e  r ange 
- 1 0  t o  - 2 0  g . u . ;
( 4 )  Low 3 i s  more d i s t i n c t  w i t h  a d e f i n i t e
i n c r e a s e  i n  g r a v i t y  v a l u e s  on t h e  SE f l a n k  t o w a r d s  t he
a x i a l  zone o f  t h e  g r a b e n ;
AND EITHER (SET 2)
( 5 )  Low C i s  s t i l l  t h e  most  p r o m i n e n t  f e a t u r e  
w i t h i n  t h e  g r a b e n ,  with, no loss of amplitude, although
its absolute peak value is only half that of Set l*s value;
( 6 )  H i gh  D r e t a i n s  t h e  same o v a l  s h a p e ,  t h e  o n l y  
s i g n i f i c a n t  d i f f e r e n c e  i s  i n  t h e  a b s o l u t e  v a l u e  a t  t he  
peak o f  t h e  a n o ma l y ;
( 7 )  Low E i s  more d e f i n i t e l y  o f  E /W t r e n d ,
o t h e r w i s e  t h e  o n l y  s i g n i f i c a n t  change i s  i n  t h e  a b s o l u t e  
v a l u e s  o f  t h e  a n o m a l i e s .
OR ( 8 )  (SET 2 a)  i n  wh i c h  H i gh  D i s  s u p p r e s s e d
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and Lows C and E j o i n e d  t o g e t h e r .
4^ .2^  I n v e r s i o n  o f  t h e  f i n a l  r e s  i  dua I a n o m a l i e s  t  o 
dens i t  y - modeI s
( i n  t h i s  s e c t i o n  R e s i d u a l  ( w i t h  a c a p i t a l  * R ' )  
r e f e r s  t o  c o r r e c t e d  Bouguer  a n o m a l i e s  ( o f  Se t s  1 and 2 ) ,  
and r e s i d u a l s  ( w i t h  s m a l l  " r " )  r e f e r s  t o  d i f f e r e n c e s  
be t ween  o b s e r v e d  and c a l c u l a t e d  model  a n o m a l i e s ) .
Bo t h  Set  1 ( t h e  most  p r o b a b l e )  and Set  2 ( t h e  
p r a c t i c a l  l o we r  l i m i t  o f  Lower  Ol d Red Sands t one  
t h i c k n e s s e s )  o f  f i n a l  R e s i d u a l  a n o m a l i e s  a r e  i n t e r p r e t e d  
as d e n s i t y - m o d e I s  ( F i g s .  22 and 24)  u s i n g  a g r a v i t y  
m o d e l l i n g  comp u t e r  p r og r am w r i t t e n  by P o w e l l  ( p e r s .
(_HO SSoLlio j
c o mm. ) \  I n  t h i s  p r ogr am t h e  t o p  o f  t h e  model  was f i x e d  at  
s e a - l e v e l  ( O. D.  N e w l y n ) .  The s p a c i n g  o f  t h e  p o i n t s  a l o n g  
t h e  p r o f i l e s  i s  5 km i n  a NW /SE o r i e n t a t i o n ,  w h i l e  t h e  
s p a c i n g  be t ween  t h e  p r o f i l e s  i s  1 2 . 5  km.
The l a t e r a l  l i m i t s  o f  t h e  l ow d e n s i t y  r o c k s  i n  
t h e  model  a r e  t a k e n  at  t h e  M i d l a n d  V a l l e y  b o u n d a r y
-3
f a u l t s .  A d e n s i t y  c o n t r a s t  o f  - 7 0  kg m i s  used f o r  t he  
m o d e l ,  and c o r r e s p o n d s  t o  t h a t  be t ween  Lower  P a l a e o z o i c
- 3
- P r e c a m b r i a n  r o c k s  ( 2720 kg m) and Upper  Ol d Red Sa nds t one
-3 -3
s t r a t a  ( 2650  kg m ) .  T h i s  d e n s i t y  c o n t r a s t  ( - 7 0  kg m) i s
a l s o  c l o s e  t o  t h a t  wh i c h  wou l d  a r i s e  be t ween  a g r a n i t e
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mass and Lower  P a l a e o z o i c  c o u n t r y  r o c k s  i n t o  wh i ch  i t  was 
emp I a c e d .
The anomal y  datum f o r  t h e  Set  2 R e s i d u a l s  r e ma i n s  
t o  be d e f i n e d .  At  l e v e l s  much b e l o w +70 g . u . ,  p o s i t i v e  
a n o m a l i e s  wou l d  appear  w i t h i n  t h e  M i d l a n d  V a l l e y .  At  
l e v e l s  above +70 g . u .  t h e  ' t a i l s '  o f  t h e  e x p e c t e d
n e g a t i v e  a n o m a l i e s  e x t e n d  t o o  f a r  beyond  t he  b o u n d i n g
f a u l t s  t o  be m o d e l l e d  by l o w - d e n s i t y  m a t e r i a l  bounded by 
t hem;  t h u s  r e s i d u a l s  b e g i n  t o  i n c r e a s e  i n  t h e s e  a r e a s .  
The e n d - p o i n t  b a s e - d e p t h s  o f  t h e  i t e r a t i v e l y  a d j u s t e d  
model  a l s o  depend upon t h e  s t a r t i n g  p o i n t .  T h i s  i s  due 
t o  t h e  way i n  wh i ch  t h e  p r o g r a m a d j u s t s ,  on each 
i t e r a t i o n .  On l y  t h o s e  d e p t h  p o i n t s  t h a t  a r e  under  
| r e s i d u a l s |  wh i ch  ar e  g r e a t e r  t h a n  a v e r a g e ) .  I t  wou l d  be 
d i f f i c u l t  t o  c h o o s e ,  on t he  b a s i s  o f  a v e r a g e  r e s i d u a l s ,  
be t wee n  mode l s  c o v e r i n g  a r a nge  o f  d e p t h  v a r i a t i o n .  That  
chosen  i n v e r s i o n  ( F i g .  24)  has a low a v e r a g e  r e s i d u a l  ( 5 . 4
g . u . )  and low d e p t h  v a r i a t i o n  compared w i t h  e x p l o r e d
a l t e r n a t i v e s .
The anomal y  datum f o r  Set  1 a n o m a l i e s  has been 
d e f i n e d  at  t h e  same t i m e  as t h e  r e g i o n a l  ( l o o s e l y  
d e f i n e d  t o  make R e s i d u a l s  z e r o  a l o n g  t he  S o u t h e r n  Up l a n d s  
F a u l t ) .  The p o s i t i v e  r e s i d u a l s  f r om c a l c u l a t i o n  show t h a t  
t h e  r e g i o n a l  has t r u n c a t e d  t h e  anoma l y  t a i l s  s o u t h  o f  t h e  
S o u t h e r n  Up l a n d s  F a u l t  t o o  a b r u p t l y .  N o r t h  o f  t h e  H i g h l a n d
- 8 7 -
B o u nd a r y  F a u l t ,  h o w e v e r ,  w h i l s t  r e s i d u a l s  i n  one a r ea  are 
p o s i t i v e  i n  a n o t h e r  t h e y  ar e  n e g a t i v e ,  so t h a t  a c o n s t a n t  
a d j u s t m e n t  t o  t he  datum c o u l d  n o t  i mp r o v e  b o t h .  The b e s t  
a v e r a g e  r e s i d u a l s  f ound  f o r  Set  1 i n v e r s i o n s  a r e ,  a t  
l e a s t l y  p a r t l y  on t h i s  a c c o u n t ,  t h r e e  t i m e s  as b i g  as 
t h o s e  f o r  Set  2 .  T h i s  t e n d s  t o  i n c r e a s e  t h e  r a n ge  o f  
d e p t h  v a r i a t i o n  w i t h i n  a model  wh i c h  g i v e s  as good a f i t  
as a n o t h e r .  Thus under  Low C ( o r  C and E comb i ned  as i n  
Set  1 a )  t h e  base may be as deep as 25 km r a t h e r  t h a n  12 
km ( F i g .  22)  i . e .  i f  more d e e p - g o i n g  mode l s  f a v o u r  an 
i n t r u s i v e  i n t e r p r e t a t i o n  ( see  S e c t i o n  4 . 3 . 3 ) ,
d e s c r i m i n a t i o n  i s  no t  p o s s i b l e  on t h e  b a s i s  o f  t h e  
p r e s e n t l y  a c h i e v e d  t he r e g i o n a l .
The ma j o r  g r a v i t y  a n o m a l i e s  and t h e i r  g e o l o g i c a l  
i  n t  e r p r e t  a t  i on ( F i g . 1 9 . 20 and 2 1 )
4 . 3 . 1  The b a c k g r o u n d  o r  a v e r a g e  v a l u e  o f  r e s i d u a l  
a n o m a l i e s  w i t h i n  t he  g r aben  The b a c k g r o u n d  v a l u e  o f  t h e  
r e s i d u a l  a n o m a l i e s  i n  Set  1 ,  c l e a r  o f  t h e  m a r g i n a l  
g r a d i e n t s  and o f  t he  d i s t i n c t  l o c a l  a n o m a l i e s  w i t h i n  t he  
g r a b e n ,  i s  a p p r o a x i m a t e I y  - 100  g . u .  w i t h  r e s p e c t  t o  z e r o  
v a l u e s  o v e r  t h e  m a r g i n a l ,  Lower  P a l a e o z o i c  o u t c r o p s .  T h i s  
c o r r e s p o n d s  t o  a t h i c k n e s s  o f  Lower  Ol d Red Sa n ds t one  
/ U p p e r  S i l u r i a n  o f  c_^  4 km ( F i g .  2 3 ) .
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The t h i c k n e s s e s  o f  Lower  Ol d Red San ds t o ne  / U p p e r  
S i l u r i a n  s t r a t a  ( p l u s  Upper  Ol d  Red Sa n ds t o ne  and o t h e r  
s t r a t a  b e l ow base o f  t h e  C l yde  P l a t e a u  L a v as )  are o b t a i n e d  
( F i g .  23)  by s u b t r a c t i n g  t h e  base o f  C l yde  P l a t e a u  Lavas 
d e p t h s  ( F i g .  14)  f r om t h e  v a l u e s  o f  F i g .  22 ( t h i c k n e s s e s  
a r o un d  4 km) a r e  seen t o  occupy  ab o u t  40 % o f  t h e  area 
a n a l y s e d ,  and ar e  m o s t l y  c o n f i n e d  t o  t h e  c e n t r a l  r e g i o n
o f  t he  g r a b e n .  Whereas t h i c k n e s s e s  g r e a t e r  t h a n  4 km, 
d e f i n i n g  ’ b a s i n s ' ,  o c c u r  e s p e c i a l l y  t o w a r d s  t h e  H i g h l a n d  
Bou nd a r y  F a u l t  m a r g i n .
The t h i c k n e s s e s  shown on t h e  d e n s i t y - m o d e I s
r e p r e s e n t  o n l y  p r e s e r v e d  t h i c k n e s s e s  and n o t  t h e  o r i g i n a l  
t h i c k n e s s e s ,  t h u s  i t  i s  no t  *£•*- ~ . -• -
? - < . p o s s i b l e  t o
say f r om t h i s  e v i d e n c e  w h e t h e r  t h e s e  ar e  o r i g i n a l  b a s i n s
o f  s e d i m e n t a t i o n  o r  s u b s eq u e n t  s y n c l i n a l  b a s i n s .
4 . 3 . 2  Low A - 8
Low /V-S has been r e c o g n i s e d  and d i s c u s s e d  by 
Qu r e s h i  ( 1 9 7 0 ,  487)  and i t s  p r o b a b l e  p r o l o n g a t i o n  t o  t he
SW by McLean and Qu r es h i  ( 1 9 6 6 ,  270)  and McLean and Wa l ker  
( 1 9 7 8 ,  3 5 ,  3 6 ) .  I t  t r e n d s  p a r a l l e l  t o  t h e  H i g h l a n d
Bo und a r y  F a u l t  be t ween  n o r t h  R e n f r e w s h i r e  and t he  a r ea  SE 
o f  C a l l a n d e r .  F u r t h e r  n o r t h - e a s t w a r d s ,  n e a r  t h e  ma r g i n  o f  
t h e  r e g i o n  a n a l y s e d ,  i t  ap pea r s  t o  sw i ng  i n t o ,  and a c r o s s  
t h e  f a u l t  -  p r o b a b l y  as a r e s u l t  o f  i m p e r f e c t  r e d u c t i o n  o f
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la. contrast.,, the supposition used to get Set 1* that the 
component towards: the SE seen in the Southern Highlands, 
persists Into the Midland Valiev,, is- probable in this none*
The resolution of the field and definition, of the local 
(i ,.e» Old Red Sandstone anomaly) is better along NY//SE 
profiles*. However,, the difference in. change of gravity 
along. *the fault zone between A and B .which is. determined, 
by the south-westerly crustal component,, is probably better 
represented by the 3rd order surface* Tho. reason is that 
the nagiitu.de and best avere.ge value of this component is 
arrived at in the third order surface, by using all the gravity 
evidence*. The estima.te arrived at in the other
method (Set 1) uses only, the profiles (1ISPB and McLean 
and Qureshi.) and ignores. the. observed gradients in the Southern 
Highlands, This means that the changes In basin dev*lopmont 
between A and B nay be better represented by Set 2®
i
d a t a  a t  t h e  edges o f  t h e  a r e a .  To t h e  SW, t h e  a x i s  o f  t he  
Low does n o t  p e r s i s t  as f a r  as t h e  C l yde  c o a s t ,  and t he  
West  K i l b r i d e  Low (McLean ,  1 96 6 ,  2 5 7 - 2 5 9 )  ( A '  on F i g .  21)  
may r e p r e s e n t  a s i m i l a r ,  en e c h e l o n  s t r u c t u r e .
The change o f  g r a v i t y  f r o m t h e  H i g h l a n d s  t o  t he  
a x i s  o f  Low B ( t h a t  i s  a c r o s s  t h e  NW f l a n k  o f  Low B) 
d i f f e r s  be t ween  R e s i d u a l  Set  1 and Set  2.  As
d i s c u s s e d  e a r l i e r  ( p .  85)  t h e  f i t t i n g  p r o c e s s  used i n
g e t t i n g  t h e  c r u s t a l  component  f o r  Set  2 smears  t h e  g r a v i t y  
changes  a c r o s s  t h e  H i g h l a n d  Bo u n d a r y  F a u l t  f o r  a d i s t a n c e  
o f  s e v e r a l  k i l o m e t r e s  on b o t h  s i d e s  o f  i t .  The Set  2 
R e s i d u a l s  n ear  t he  f a u l t  a r e  t h e r e f o r e  \ * 5 S  , VJ5*?o\ l  f o r  
i n t e r p r e t a t i o n  as a d e n s i t y - m o d e l  ( a l t h o u g h  more t r e a t a b l e  
t o  n u m e r i c a l  m o d e l l i n g ) . ^
I n  t h i s ,  zone t h e r e  i s  a l s o  good g e o l o g i c a l
O n r e l a t i v e  C o n tv iL )u \-io w v $  o £  U p y«  V- ' t L h d  L o w e r  O LL lovx^
c o n t r o l ^  ,  s i n c e  Low A c r o s s e s  t h e  Lower
Ol d Red Sa n ds t one  o u t c r o p  f o r  a l mo s t  h a l f  i t s  c o u r s e  
a _ t h e  d e n s i t y - m o d e l  ( F i g .  23)  shows a p r e s e r v e d  
t h i c k n e s s  o f  2 km west  o f  Loch Lomond t o  4 km o f  Ol d Red
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*Sa n d s t o n e  8 km eas t  o f  Loch Lomond.  I n  t h e  wedge 
i m m e d i a t e l y  west  o f  Loch Lomond t h e  p r e s e r v e d  t h i c k n e s s  o f  
b o t h  Upper  and Lower  Ol d  Red Sa n ds t o ne  i s  2 km,  and s i n c e  
t h e  g e o l o g i c a l  e s t i m a t e  o f  t h e  Upper  Ol d  Red Sands t one  
t h i c k n e s s  ( n e a r  H e l e n s b u r g h )  i s  c ^  0 . 6  km t h e n  t he  
p r e s e r v e d  t h i c k n e s s  o f  t he  Lower  Ol d Red Sa nds t one  i s  1.1
km. I n  t he  a r ea  where t h e  Upper  Ol d Red Sands t one
L.0 SawU'i- o  £ L-acH l_omor>A
o u t c r o p s ^  t h e  e s t i m a t e d  g e o l o g i c a l  t h i c k n e s s e s  v a r y
be t ween  c ^  0 . 8  km near  K i l l e a r n  on t h e  n o r t h  s i d e  o f  t h e
K i  tya t r i c k  H i l l s  and t h e  Camps i es  t o  0 . 4  km f u r t h e r  west
( MacGr egor  and MacGr ego r ,  1948 ,  3 0 ) .  When compared w i t h
t h e  c a l c u l a t e d  4 . 2  km and 4 . 8  km t h i c k n e s s  o f  Ol d  Red
Sa n d s t o n e  t h e s e  w i l l  become 3 km and 4 . 2  km r e s p e c t i v e l y
o f  Lower  Ol d Red Sands t one  p r e s e r v e d  i n  t h e s e  a r e a s .
4 . 3 . 3  Low C /  E
Low C i s  r e c o g n i s a b l e  i n  t h e  o r i g i n a l  Bouguer
a n o m a l i e s  map ( F i g .  5)  and a t  a l l  s t a g e s  o f  r e d u c t i o n  by
s t r i p p i n g .  I n  t h e  f i n a l  maps ( F i g s .  19 and 21)  i t  i s  t h e
l a r g e s t  l o c a l  anomal y  w i t h i n  t h e  a r ea  o f  t h e  g r a b e n .
The d e n s i t y - m o d e l  based on Set  1 R e s i d u a l s  ( F i g s .
20 ,  2 1 ) )  shows basement  a t  a d e p t h  o f  12 km, and a
maximum t h i c k n e s s  o f  11 km ( F i g .  23)  o f  r o c k  o f  d e n s i t y  
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2650 kg m at  i t s  c e n t r e .  T h i s  m a g n i t u d e ,  wh i c h  c o u l d  be 
even g r e a t e r  t h a n  12 km,  f a v o u r s  t h e  i n t e r p r e t a t i o n  t h a t  
t h e  l o w - d e n s i t y  r ock  i s  w i t h i n  t he  C r y s t a l l i n e  b a s e me n t ,
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as a g r a n i t e ,  and no t  more t h a n ,  say 1 / 3  o f  t h e  t h i c k n e s s  
a t t r i b u t a b l e  as Upper  S i l u r i a n  / L o w e r  Ol d  Red San ds t o ne  
s t r a t a .  The n e a r - c i r c u l a r  f o r m o f  t h e  anomal y  ( Se t  1) 
wou l d  be c o n s i s t e n t  w i t h  a s t o c k - l i k e  mass.  A s i m p l e
c y l i n d r i c a l  model  i s  comput ed ( F i g .  26)  t o  t e s t  t h i s
p o s s i b i l i t y  and t o  i n d i c a t e  t h e  a p p r o x i m a t e  s i z e  o f  t h e  
g r a n i t e  b o d y .  S i m i l a r l y ,  on F i g .  20 ,  ( Se t  1 a) t h e  anomal y  
a m p l i t u d e  s t i l l  f a v o u r s  t h e  i n t e r p r e t a t i o n  t h a t  t h e  l o w -  
d e n s i t y  r ock  i s  g r a n i t e  bu t  now one w h i c h  i s  e l o n g a t e d  i n  
p l a n .  A more e x h a u s t i v e  a n a l y s i s  seems u n j u s t i f i e d  w i t h  
t h e  d a t a  a v a i  l a b l e .
Any g r a n i t e  body wh i c h  p r o d u c e s  most  o f  Low C o r  
Low C-E wou l d  have a d i a m e t e r  o f  c^  22 km. I n  c o m p a r i s o n ,
some o f  t h e  l a r g e r  g r a n i t e s  f r o m t he  S o u t h e r n  U p l a n d s  and
t h e  H i g h l a n d s  show s i m i l a r  d i a m e t e r s .  T h i s  wo u l d  be a 
max i ma l  s i z e  s i n c e  p a r t  o f  t h e  anoma l y  may be r e l a t e d  t o  
an Upper  S i l u r i a n  / L o we r  Ol d Red Sa n d s t o n e  b a s i n .
A p a r t  f r om t he  exposed  Lower  Ol d Red Sa n ds t o ne
g r a n i t i c  i n t r u s i o n  at  D i s t i n k h o r n ,  j u s t  SW o f  t h e
concealed granite i n t r u s i o n  p o s t u l a t e d  h e r e ,  t h e
O r d o v i c i a n  e x p o s u r e  o f  o l d e r  g r a n i t e s  u n d e r  t h e  M i d l a n d  
V a l l e y  has been p r o p o s e d  by Longman e t  a I . (1 9 7 9 ) .
The a v e r a g e  l o w e r  l i m i t  o f  m a g n i t u d e  i s  d e r i v e d
R e s i d u a l  Set  2 ( F i g .  1 9 ) .  I t  g i v e s  a maximum t h i c k n e s s
o f  8 km ( F i g .  2 5 ) .  Even t h i s  i s  r a t h e r  g r e a t  t o  be
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e x p l i c a b l e  r e a d i l y  as a b a s i n  ( Se t  2) o r  an e l o n g a t e d
t r o u g h  ( Se t  2 a) i n f i l l e d  w i t h  Upper  S i l u r i a n  / L o w e r  Ol d 
Red Sa nds t one  s t r a t a  ( b u t  see 4 . 4 ) .
Ther e  i s  no g e o l o g i c a l  b a s i s  f o r  r e d u c i n g  t h i s
f i g u r e  by p o s t u l a t i n g  t h a t  p a r t  o f  t h e  g r a v i t y  e f f e c t  
i s  due t o  Upper  Ol d Red S a n d s t o n e ,  w i t h  a g r e a t e r  
d e n s i t y  c o n t r a s t ,  because t h a t  f o r m a t i o n  i s  o v e r s t e p p e d  by 
t h e  C a r b o n i f e r o u s  i n  t h e  who l e  o f  t h e  a r ea  o f  i t s
p o t e n t i a l  o u t c r o p  a r ound  t h e  s o u t h e r n  s i d e  o f  t h e  ' b a s i n ' .
Ther e  i s ,  h o we v e r ,  some e v i d e n c e  f r om a few
samp l es  t h a t  t he  d e n s i t y  o f  t h e  D o w n t o n i a n  ( 2540  kg m) i s  as
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much as ^ 00  kg m l e s s  t h a n  t h e  a v e r a g e  d e n s i t y  f o r
D o w n t o n i a n  and Lower  Ol d Red S a n d s t o n e .  I f  such r o c k s  
c h a r a c t e r i s e  a s i g n i f i c a n t  p a r t  o f  t h e  i n f i l l i n g  t o  a 
b a s i n  unde r  Lows C/E t h e n  t h e  8 km t h i c k n e s s  c o u l d  be an 
o v e r e s t  i m a t e .
One s u g g e s t i v e  c o r r e l a t i o n  seen on a l l  maps
( F i g s .  19 ,  20 and 21)  i s  t h a t  t h e  I n c h a o t r i c k  F a u l t  swi ngs
i n  a smooth c u r v e  as i t  a p p r o a c h e d  Low C/ E ,  and t e r m i n a t e s
a t  i t s  c e n t r e .  The p a t t e r n  i s  s i m i t a r  t o  a c r a c k  i n  p l a t e  
' k e y i n g - i n '  t o  a p r e - e x i s t i n g  c i r c u l a r  h o l e .  I t  i s  seen 
a t  t h e  T e r t i a r y  I g n e o u s  C e n t r e s  o f  w e s t e r n  S c o t l a n d ,  where 
d y k e -  swarms k e y - i n  t o  t he  r i n g - i n t r u s i o n s . I t  s u g g e s t s  
t h a t  t h e  e a s t e r l y  d e v e l o p me n t  o f  t h e  I n c h g o t r i c k  F a u l t  i s  
c o n t r o l e d  by t h e  i n f e r r e d  g r a n i t e  p l u t o n .  I f  t h i s  a r gument
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i s  v a l i d ,  i t  i s  i m p l i c i t  t h a t  t h e  p l u t o n  i s  p r e -  
I n c h g o t r i c k  F a u l t  i n  age i . e .  p r e - L o w e r  C a r b o n i f e r o u s .
4 . 3 . 4  H i gh  D
The ma g n e t i c  h i g h  wh i c h  i s  c l o s e l y  a s s o c i a t e d  
w i t h  Hi gh  D has been s t u d i e d  by P o w e l l  ( 1 9 7 1 )  and Gunn 
( 1 9 7 5 ) ,  and b o t h  p r e s e n t e d  a p r o b a b l e  model  and g e o l o g i c a l  
i n t e r p r e t a t i o n  o f  t he  m a g n e t i c  s o u r c e .  More r e c e n t l y  
H o s s a i n  ( 1 9 7 6 )  r e v i s e d  t h e i r  i n t e r p r e t a t i o n  by mak i ng  a 
combi ned  s t u d y  o f  b o t h  t h e  m a g n e t i c  and g r a v i t y  a n o m a l i e s .
The c r i t i c a l  s t e p  o f  s e p a r a t i n g  ou t  a l o c a l ,  B a t h g a t e ,
Bougue r  anomal y  f r om t h e  t o t a l  f i e l d  i n v o l v e d  a p s e ud o ­
g r a v i t y  c a l c u l a t i o n  o f  t h e  m a g n e t i c  b o d y .
I n  t he  p r e s e n t  s t u d y  t h e  p s e u d o - g r a v i t y  e f f e c t s
o f  a s i m i l a r  ma g n e t i c  body were s t r i p p e d  f r o m t h e  t o t a l  
f i e l d  i n  t h e  p r o c e s s  o f  o b t a i n i n g  t h e  f i n a l  R e s i d u a l  maps 
( F i g s .  1 7 ,  18,  1 9 ) .  I t  i s  r e a s o n a b l e  t o  suppose t h a t
a r o und  B a t h g a t e  t h e  ma g n e t i c  e f f e c t  o f  t h e  i n t r u s i o n  f a r  
e x ceeds  t h a t  o f  any o f  C l y d e  P l a t e a u  Lavas  s i n c e  t he
l a t t e r  a r e  t h i n  ( l e s s  t h a n  0 . 5  km) u n de r  t h e  ar ea
i m m e d i a t e l y  t o  t he  w e s t .
Two p o s i b i l i t i e s  were c o n s i d e r e d  i n  c a l c u l a t i n g  
t h e  p s e u d o - g r a v i t y  e f f e c t  o f  t h i s  i n t r u s i o n  :
(1 ) t he  d e n s i t y  o f  t h e  i n t r u s i o n  e q u a l s  t h a t  o f  t h e  C l yde  
P l a t e a u  Lavas  ( Lower  Ol d Red Sa n ds t o n e  r e p l a c e m e n t  d e n s i t y
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c o n t r a s t  o f  -  70 kg m) ,  no t  r e q u i r i n g  s e p a r a t e  d e f i n i t i o n  
o f  t he  i n t r u s i o n .  The p s e u d o - g r a v i t y  c o r r e c t i o n  a s s o c i a t e d  
w i t h  t h i s  model  l e a v e s  a R e s i d u a l  g r a v i t y  Hi gh  (D) on t h e  
s i t e  o f  t h e  o b s e r v e d  Hi gh s e p a r a t i n g  R e s i d u a l  Lows C and
E.
( 2 )  The d e n s i t y  o f  i n t r u s i o n  i s  2850 kg m a p p r o p r i a t e  t o
g abb r o  ( Lower  Ol d Red Sa n d s t o n e  r e p l a c e m e n t  d e n s i t y
c o n t r a s t  -  200 kg m? and i s  a p p l i e d  t o  a l l  m a g n e t i c  model
t h i c k n e s s e s  East  o f  [ 2 7 0 ]  on t h e  a s s u m p t i o n  t h a t  t h e  Cl yde
p l a t e a u  Lavas  c o n t r i b u t i o n  i s  n e g l i g i b l e .  T h i s
c o r r e c t i o n  v i r t u a l l y  c o mpensa t es  f o r  t h e  o b s e r v e d  g r a v i t y
h i g h .  On t he  R e s i d u a l  map ( F i g .  20)  Lows C and E now t e n d
t o  f o r m a c o n t i n u o u s  f e a t u r e .
An i n t e r p r e t a t i o n  w i t h  p o s s i b i l i t y  ( 1 )  p r o d u c e d
f r om Set  2 R e s i d u a l s  ( F i g s .  1 9 , 2 5 )  s u g g e s t s  t h a t  no Lower
Ol d  Red Sands t one  / U p p e r  S i l u r i a n  s t r a t a  e x i s t  b e n e a t h  t h e
i n t r u s i o n  i . e .  t h e  R e s i d u a l  a m p l i t u d e  i s  e q u a l  t o  t h e
p s e u d o - g r a v i t y  o f  Lower  Ol d Red Sa n d s t o n e  r e p l a c e m e n t
e f f e c t  o f  t h e  i n t r u s i o n  a r ound  Hi gh  D. T h i s  r e s u l t  shows
t h a t  t h e  70 g . u .  r e f e r e n c e  l e v e l  f o r  t h i s  se t  o f  a n o m a l i e s
i s  c o n s i s t e n t  w i t h  t h e  assumed basement  d e n s i t y  ( 2720 kg 
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m) .
The a l t e r n a t i v e  i n t e r p r e t a t i o n  ( F i g .  20)  
 ^ ■. s u g g e s t s ,  c o n s e q u e n t i a l l y ,  t h a t
t h e  d e p t h  e x t e n t  o f  t h e  i n t r u s i v e  b a s i c  mass a s s o c i a t e d
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w i t h  C l yde  P l a t e a u  Lavas i s  o n l y  a h a l f  o f  t he  t h i c k n e s s  
o f  t h e  l o w - d e n s i t y  r o c k s  wh i ch  s u r r o u n d  and u n d e r l i e  i t  
( see  4 . 3 . 3 ) .
— G e n e r a l  d i  s c u s s i  on
The d e n s i t y - m o d e I s  p r e s e n t e d  f o r  t h e  Lower  Ol d 
Red Sa n d s t o n e  i n  t h e  M i d l a n d  V a l l e y  o f  S c o t l a n d  ( F i g .  25 ,  
23)  r e p r e s e n t  o n l y  t h e  p r e s e r v e d  t h i c k n e s s e s  o f  t h e  Lower  
Ol d  Red Sands t one  /  Upper  S i l u r i a n  and n o t  t he  o r i g i n a l  
t h i c k n e s s e s .  A l t h o u g h  t h e  a b s o l u t e  v a l u e s  o f  t h e s e
p r e s e r v e d  t h i c k n e s s e s  a r e  d e pe n d e n t  on t h e  p o o r l y
c o n t r o l l e d  c h o i c e  o f  t he  c r u s t a l  c o mp o n e n t ,  t he  g e n e r a l  
p a t t e r n  o f  t h i c k n e s s  v a r i a t i o n  i s  more c e r t a i n .
There  i s  a c l e a r  r e l a t i o n s h i D  be t ween  t h e
H i g h l a n d  Bounda r y  F a u l t  and t he  S t r a t h m o r e  b a s i n  p l u s  i t s  
s o u t h - w e s t e r n  e x t e n s i o n  where Ol d Red Sa n ds t o ne  
t h i c k n e s s e s  o f  u p t o  9 km are  i n t e r p r e t e d .  T h i s  i s  
c o n s i s t e n t  w i t h  B l u c k ' s  model  ( 1 9 7 8 ,  F i g .  4 ( b ) )  i n  wh i ch  
s u b s i d e n c e  i s  a s s o c i a t e d  w i t h  t h e  d e v e l o p m e n t  o f  t h e  
H i g h l a n d  Bound a r y  F a u l t  i n  Lower  Ol d Red Sa n ds t o ne  t i m e s .  
I n  c o n t r a s t ,  and i n  t h e  s o u t h e r n  p a r t  o f  t h e  map,  c l o s e  t o  
t h e  S o u t h e r n  Up l an ds  F a u l t ,  t h e r e  i s  o n l y  a g r a d u a l
n o r t h - e a s t e r l y  t h i c k e n i n g  o f  t h e  s t r a t a  and no l o c a l  
t r o u g h  a s s o c i a t e d  w i t h  t he  F a u l t  ( c f . S t u c k ,  1 9 7 8 ,  F i g .
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2 0 ) .  I f  B l u c k ' s  " L a n a r k  b a s i n "  e x i s t s  i t  wou l d  have t o  l i e  
n o r t h  o f  t h e  I n c h g o t r i c k  F a u l t ;  (Low C p o s s i b l y  e x t e n d i n g  
t o  Low E ) .  Bo t h  t h e s e  a l t e r n a t i v e s  i . e . no L a n a r k  b a s i n  or  
i t s  a x i a l  p o s i t i o n  r e p r e s e n t  a c o n s i d e r a b l e  m o d i f i c a t i o n  
t o  B l u c k ' s  mode I .
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CHAPTER F I VE
GEOLOGICAL CONCLUSIONS
5 . 1  From magnet  i c a n o ma l i e s
1.  The maximum or  t h i c k e s t  ( 1 . 2 5  km) d e v e l o p me n t  
o f  t h e  C l yde  P l a t e a u  Lavas i s  a l o n g  a NW /  SE a x i s ,
e x t e n d i n g  f r om t he  R e n f r e w s h i r e  H i l l s  t o  t h e  S t r a t h a v e n
H i l l s .  These Lavas t h i n  t o  l e s s  t h a n  0 . 5  km u nde r  t he
H a m i l t o n  C o a l f i e l d  b a s i n  t o  t h e  e a s t .  N o r t h  o f  t h e  Cl yde
t h e  Lavas  ar e  r e l a t i v e l y  t h i n  ( 0 . 5  km) .
2.  The Dusk Wat er  F a u l t  a p p e a r s  t o  be t h e  most  
i m p o r t a n t  f r a c t u r e  i n  t e r ms  o f  movement  c o n t e mp o r a n e o u s  
w i t h  t he  e r u p t i o n  o f  t h e  C l yde  P l a t e a u  L a v a s .  The Lavas 
a r e  t h i c k e r  t o  t h e  s o u t h  ( 1 . 2 5  km) t h a n  t o  t h e  n o r t h  ( 0 . 7 5  
km) o f  i t .
3 .  Two m a g n e t i c  a n o m a l i e s  a r e  i n t e r p r e t e d  as due 
t o  i n t r u s i o n s  a s s o c i a t e d  w i t h  Lavas  ( Wa t e r h ead  and 
B a t h g a t e ) ,  s i n c e  t h e i r  ' e q u i v a l e n t  t h i c k n e s s e s '  are 
c o n s i d e r e d  t o  be t o o  g r e a t  ( 1 . 5 ;  3 . 0  km r e s p e c t i v e l y )  f o r  
Lavas  i n  t h e i r  r e s p e c t i v e  a r e a s .
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5_.2^  From g r a v i t y  R e s i d u a l s  ( c o r r e c t e d  f o r  known an d 
m a g n e t i c a l l y  i n f e r r e d  geo l o g y ) and R e s i d u a l s  ( and / o r ) 
c r u s t  a I g r a v i t y component  s
1.  The av e r a g e  t h i c k n e s s  o f  Ol d Red Sa n ds t o ne  
w i t h i n  t h e  w e s t e r n  g r aben  o f  t h e  M i d l a n d  V a l l e y  i s  a t  
l e a s t  2 . 5  may be as much as 4 km as ( p a r t i c u l a r l y  i n  t h e  
c e n t r a l  p a r t ) .
2.  The e x i s t e n c e  o f  t h i c k  ( up  t o  9 km) Lower  Ol d 
Red Sa n d s t o n e  w i t h i n  a b a s i n  a d j a c e n t  and p a r a l l e l  t o  t h e  
H i g h l a n d  Bounda r y  F a u l t  i s  c o n f i r m e d .  The t h i c k n e s s  i n  t h e  
b a s i n  t e n d s  t o  d i m i n i s h  t o w a r d s  t h e  SW.
3.  Ther e  i s  n o t ,  h o w e v e r ,  an a p p a r e n t  s y m m e t r i c a l  
d e v e l o p me n t  o f  b a s i n s  on t h e  s o u t h  e a s t e r n  m a r g i n  o f  t h e  
M i d l a n d  v a l l e y  g r a b e n .  I n  t h e  s o u t h  a d j a c e n t  t o  t he  
S o u t h e r n  Up l a n ds  F a u l t ,  t h e  s t r a t a  t h i c k e n  s t e a d i l y  i n t o  
t h e  g r a b e n  i n  a d i r e c t i o n  no t  q u i t e  n o r ma l  t o  t h e  F a u l t ,  
u n t i l  a v e r a g e  v a l u e s  o f  t h i c k n e s s  a r e  p r e s e n t .
4 .  I n  t h e  w i de  c e n t r a l  zone o f  t h e  M i d l a n d  V a l l e y  
t h e r e  i s  a v e r y  l a r g e ,  n e a r - c i r c u l a r  g r a v i t y  l o w ,  c e n t r e d  
a few k i l o m e t e r s  t o  t he  s o u t h  e a s t  o f  H a m i l t o n .  Two 
a l t e r n a t i v e  e x p l a n a t i o n s  o f  t h e  a n o m a l i e s  a r e  p r o p o s e d :
E i t h e r  (a)  t h a t  t h e r e  i s  no l o c a l  b a s i n a l  
d e v e l o p me n t  o f  Ol d Red San d s t o ne  , and t he  g r a v i t y  Low C 
i s  due t o  a g r a n i t i c  b a t h o l i t h  i n t r u d e d  i n t o  t he
- 9 9 -
c r y s t a l l i n e  basement  and p o s s i b l y  t h e  Ol d Red S a n d s t o n e .  
I t s  d i a m e t e r  o f  c .  22 km i s  s i m i l a r  t o  t h a t  o f  some Newer 
g r a n i t e s  i n  t h e  H i g h l a n d s  and t h e  S o u t h e r n  U p l a n d s .  I f  
t h i s  body e x i s t s  ,  t h e n  NE t e r m i n a t i o n  o f  t h e  I n c h g o t r i c k  
F a u l t  has been c o n t r o l l e d  by i t ;  o r  ( b )  t h e r e  i s  a NE /  SW 
t r e n d i n g  Ol d Red Sands t one  b a s i n  (Lows C and E ) ,  
c o mp a r a b l e  i n  d i m e n s i o n s  w i t h  t h e  l a r g e s t  a d j a c e n t  t o  t h e  
H i g h l a n d  Bo u n d a r y  F a u l t .  I t s  a x i s  wou l d  l i e  n o r t h  o f  t h e  
p r o j e c t i o n  o f  t h e  I n c h g o t r i c k  F a u l t .
- 1 0 0 -
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